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ABSTRACT
An i n v e s t i g a t i o n  w as c o n d u c t e d  t o  d e t e r m i n e  t h e  A l s t a t u s  o f  
s e l e c t e d  s o i l s  i n  L o u i s i a n a .  T h e  20 s o i l s  s t u d i e d  r a n g e d  i n  c h a r a c t e r ­
i s t i c s  f ro m  r e l a t i v e l y  u n w e a t h e r e d ,  a l k a l i n e  E n t i s o l s ,  I n c e p t i s o l s ,  a n d  
M o l l i s o l s  t o  w e a t h e r e d ,  a c i d  I n c e p t i s o l s ,  A l f i s o l s ,  a n d  U l t i s o l s .  
I n d i v i d u a l  h o r i z o n s  (1 3 0 )  f ro m  t h e  s o i l s  w e r e  a n a l y z e d  b y  s e v e r a l  
m e th o d s  i n  o r d e r  t o  e v a l u a t e  t h e i r  p r o f i l e  d i s t r i b u t i o n  an d  t r e n d s  w i t h  
r e s p e c t  t o  s o i l  a c i d i t y  a n d  A l .  The a n a l y s e s  f o r  Al i n c l u d e d ;  (1 )  
e x c h a n g e a b l e  Al (E xA l)  e x t r a c t e d  b y  N KCl s o l u t i o n ,  (2 )  Al e x t r a c t e d  
( E x tA l )  b y  N NH^OAc s o l u t i o n  (pH 4 . 8 ) ,  (3 )  A l e x t r a c t e d  b y  s e q u e n t i a l  
e x t r a c t i o n  w i t h  a  0 . 2  N NH^Cl s o l u t i o n  (pH 4 . 0 ) ,  an d  (4 )  A l i n  e q u i l i ­
b r a t e d  s o i l - w a t e r  s u s p e n s i o n s .  S o i l  a c i d i t y  w as d e t e r m i n e d  a t  t h e  pH 
o f  t h e  s o i l  ( K C l) ,  3 t  pH 7 . 0  (NH^OAc), and  a t  pH 8 . 0  (B a C l2 - TEA ).
S o i l  pH, c l a y  c o n t e n t ,  and  o r g a n i c  m a t t e r  c o n t e n t  w e r e  r e l a t e d  
t o  t h e  q u a n t i t i e s  o f  e x c h a n g e a b l e  a n d  e x t r a c t a b l e  A l a n d  a c i d i t y .  
M e a s u r a b l e  q u a n t i t i e s  o f  ExAl w e r e  n o t  e x t r a c t e d  f ro m  h o r i z o n s  h a v i n g  
pH v a l u e s  g r e a t e r  t h a n  6 . 0 .  A l l  h o r i z o n s  h a v i n g  pH v a l u e s  l e s s  t h a n  
5 . 5  d i d  h a v e  m e a s u r a b l e  q u a n t i t i e s  o f  E xA l.  The p e r c e n t  s a t u r a t i o n  
w i t h  ExA l i n c r e a s e d  m a r k e d ly  w i t h  d e c r e a s i n g  pH i n  h o r i z o n s  w i t h  pH 
v a l u e s  b e lo w  5 . 5 ,  a n d  m o s t  h o r i z o n s  w i t h  pH v a l u e s  o f  l e s s  t h a n  5 . 1  
w e re  m o re  t h a n  40% A l - s a t u r a t e d .
The d i f f e r e n t  A l a n d  a c i d i t y  m e a s u r e m e n ts  h a d  s i m i l a r  d i s t r i b u t i o n s  
w i t h i n  a  s o i l .  The q u a n t i t i e s  o f  A l m e a s u r e d  i n  t h e  i n d i v i d u a l  
h o r i z o n s  t y p i c a l l y  i n c r e a s e d  i n  t h e  o r d e r :  A l i n  e q u i l i b r i a  s o l u t i o n s ,
e x c h a n g e a b l e  A l ,  e x t r a c t a b l e  A l ,  s e q u e n t i a l l y  e x t r a c t e d  A l .  The
q u a n t i t y  o f  a c i d i t y  m e a s u re d  was g e n e r a l l y  l e a s t  when d e t e r m i n e d  a t  
t h e  pH o f  t h e  s o i l ,  i n t e r m e d i a t e  a t  pH 7 . 0 ,  an d  g r e a t e s t  a t  pH 8 . 0 .  
W i t h in  a  s o i l ,  t h e  q u a n t i t i e s  o f  Al and  a c i d i t y  w e re  t y p i c a l l y  s m a l l  
i n  t h e  s u r f a c e  h o r i z o n  an d  i n c r e a s e d  w i t h  d e p t h  t o  a  maximum i n  t h e  B 
h o r i z o n  b e lo w  w h ic h  t h e  q u a n t i t i e s  v a r i e d  o n l y  s l i g h t l y  o r  
d e c r e a s e d  w i t h  d e p t h .
S e v e n  o f  t h e  s o i l s  ( U l t i s o l s ,  A l f i s o l s )  w e re  50% o r  more 
s a t u r a t e d  w i t h  E xA l, f o u r  ( A l f i s o l s ,  U l t i s o l s )  h a d  10-30% ExAl s a t u ­
r a t i o n ,  and  f o u r  ( A l f i s o l s ,  I n c e p t i s o l s )  h a d  1-10% ExAl s a t u r a t i o n  w i t h ­
i n  t h e  r o o t i n g  d e p t h  o f  m o s t  c r o p s .  F iv e  o f  t h e  s o i l s  ( E n t i s o l s ,  M o l l i -  
s o l s ,  I n c e p t i s o l s )  l a c k e d  m e a s u r a b l e  q u a n t i t i e s  o f  ExAl I n  a l l  h o r i z o n s .
T he  s o i l s  w i t h  p r e d o m i n a n t l y  e x p a n d i n g - l a t t i c e  c l a y  m i n e r a l s  had  
s m a l l e r  q u a n t i t i e s  o f  e x c h a n g e a b le  and e x t r a c t a b l e  Al and  a c i d i t y ,  and  
w e re  l e s s  s a t u r a t e d  w i t h  e x c h a n g e a b le  Al t h a n  s o i l s  d o m in a te d  by o t h e r  
c l a y  m i n e r a l s .  They  a l s o  h ad  g r e a t e r  p e r c e n t  b a s e  s a t u r a t i o n s ,  C E C 's ,  
and  pH v a l u e s  t h a n  k a o l i n i t i c  o r  m ixed m i n e r a l o g y  g ro u p  s o i l s .  The 
s o i l s  w i t h  no one c l a y  m i n e r a l  p r e d o m i n a t i n g  (m ixed  c l a y  m in e r a l o g y )  
h a d  g r e a t e r  q u a n t i t i e s  o f  e x c h a n g e a b le  a n d  e x t r a c t a b l e  Al and  a c i d i t y  
t h a n  s o i l s  i n  t h e  m o n t m o r i l l o n i t i c  o r  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p s .
The s o i l s  i n  t h e  m ixed  c l a y  m in e r a l o g y  g ro u p  h a d  p e r c e n t  b a s e  s a t u ­
r a t i o n s ,  C E C 's ,  a n d  pH v a l u e s  i n t e r m e d i a t e  b e tw e e n  s o i l s  i n  t h e  m o n t ­
m o r i l l o n i t i c  and  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p s .  The s o i l s  i n  t h e  
k a o l i n i t i c  c l a y  m i n e r a l  g ro u p  h a d  q u a n t i t i e s  o f  e x c h a n g e a b le  an d  e x ­
t r a c t a b l e  Al an d  a c i d i t y  i n t e r m e d i a t e  b e tw e e n  t h o s e  i n  t h e  m ixed  and  
m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  g r o u p s .  They  a l s o  h a d  a  g r e a t e r  p e r c e n t
x
s a t u r a t i o n  w i t h  e x c h a n g e a b l e  A l a n d  lo w e r  p e r c e n t  b a s e  s a t u r a t i o n s ,  
C E C 's ,  a n d  pH v a l u e s  t h a n  s o i l s  i n  t h e  o t h e r  c l a y  m i n e r a l  g r o u p s .
T h e r e  w a s  a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  s o i l  pH 
a n d  s o l u t i o n  e q u i l i b r i a  pH a n d  b e t w e e n  e x c h a n g e a b l e  a n d  s o l u t i o n  
e q u i l i b r i a  c o n c e n t r a t i o n s  o f  Ca, Mg, K , an d  N a. T he  q u a n t i t i e s  o f  
A l m e a s u r e d  i n  e q u i l i b r a t e d  s o i l - w a t e r  s u s p e n s i o n s  w e r e  n o t  s i g n i f i ­
c a n t l y  r e l a t e d  t o  q u a n t i t i e s  o f  A l  o r  a c i d i t y  m e a s u r e d  i n  t h e  s o i l s .  
A n a l y s e s  o f  t h e  s o l u t i o n  e q u i l i b r i a  d a t a  i n d i c a t e d  t h a t  a f t e r  m o re  
t h a n  a  y e a r  e q u i l i b r a t i o n  t i m e  ( 1 )  a l l  t h e  s o i l  h o r i z o n s  w e r e  u n d e r ­
s a t u r a t e d  w i t h  r e s p e c t  t o  q u a r t z ;  ( 2 ) a l l  b u t  f o u r  h o r i z o n s  w e r e  
s a t u r a t e d  w i t h  r e s p e c t  t o  k a o l i n i t e ;  a n d  ( 3 )  f o u r  o f  t h e  s o i l  h o r i z o n s  
w e r e  s a t u r a t e d  w i t h  r e s p e c t  t o  g i b b s i t e .
INTRODUCTION
The s o i l s  i n  L o u i s i a n a  a r e  q u i t e  v a r i e d  a n d  r a n g e  i n  c h a r a c t e r ­
i s t i c s  f ro m  r e l a t i v e l y  u n w e a t h e r e d ,  a l k a l i n e  E n t i s o l s ,  I n c e p t i s o l s  
an d  M o l l i s o l s  d e v e lo p e d  i n  r e c e n t  a l l u v i u m  t o  h i g h l y  w e a t h e r e d ,  a c i d  
A l f i s o l s  and  U l t i s o l s  d e v e lo p e d  i n  o l d  C o a s t a l  P l a i n  d e p o s i t s .  An 
e s t i m a t e d  o n e - t h i r d  o r  m ore  o f  t h e  s t a t e  i s  c o m p r i s e d  o f  s o i l s  t h a t  
t y p i c a l l y  h a v e  pH v a l u e s  b e lo w  5 . 5  w i t h i n  t h e  r o o t i n g  d e p t h  o f  m o s t  
a g ro n o m ic  c r o p s . T h e s e  i n c l u d e  l a r g e  a c r e a g e s  i n  t h e  F l a t w o o d s ,
C o a s t a l  P l a i n ,  a n d  L o e s s i a l  H i l l s  a n d  M i s s i s s i p p i  T e r r a c e  s o i l  a r e a s .  
L e s s  e x t e n s i v e  a c r e a g e s  o f  s o i l s  w i t h  s i m i l a r l y  low pH l e v e l s  a l s o  o c c u r  
i n  t h e  C o a s t a l  P r a i r i e s ,  an d  R e d ,  O u a c h i t a ,  a n d  M i s s i s s i p p i  R i v e r  
a l l u v i a l  s o i l  a r e a s .  Num erous s t u d i e s  h a v e  i n d i c a t e d  t h a t  w i t h  many 
c r o p s ,  p r o d u c t i o n  i n c r e a s e s  r e s u l t  f ro m  a p p l i c a t i o n s  o f  a g r i c u l t u r a l  
l im e  t o  s o i l s  i n  t h e s e  a r e a s  h a v i n g  low  pH v a l u e s .  E x t e n s i v e  r e s e a r c h  
i n  many a r e a s  h a s  show n A l t o  b e  a  m a jo r  f a c t o r  i n  t h e  a c i d i t y  o f  
m i n e r a l  s o i l s  s u c h  a s  t h e s e .  I t  h a s  a l s o  b e e n  d e m o n s t r a t e d  t h a t  Al 
t o x i c i t y  c a n  b e  a  g r o w t h - l i m i t i n g  f a c t o r  f o r  some p l a n t s  g row n on  
s o i l s  w i t h  pH v a l u e s  i n  t h i s  r a n g e .  S t u d i e s  h a v e  a l s o  shown t h a t  t h e  
r o l e s  o f  A l a r e  m a n i f o l d  an d  may d e p e n d  o n  a  num ber o f  f a c t o r s  s u c h  
a s  pH, t h e  k i n d  a n d  a m o u n ts  o f  o r g a n i c  m a t t e r ,  p h y l l o s i l i c a t e  a n d  
n o n p h y l l o s i l i c a t e  m i n e r a l s ,  a n d ,  i n  t h e  c a s e  o f  p l a n t s ,  t h e  s p e c i e s  o r  
c u l t i v a r  g row n . I t  h a s  a l s o  b e e n  d e m o n s t r a t e d  t h a t  n o n e  o f  t h e s e  
f a c t o r s  c a n  b e  u s e d  a s  c o m p l e t e l y  r e l i a b l e  i n d i c a t o r s  o f  A l o r  a c i d i t y  
l e v e l s  i n  s o i l s .  T h u s ,  a l t h o u g h  g e n e r a l  g u i d e l i n e s  may b e  a v a i l a b l e  
f o r  e v a l u a t i n g  p r o b a b l e  l e v e l s  o f  A l i n  s o i l s ,  s p e c i f i c  r e s e a r c h
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i s  n e c e s s a r y  t o  d e t e r m i n e  t h e  A l  s t a t u s  o f  t h e  s o i l s  w i t h i n  a  g i v e n  
r e g i o n .
T h e r e  i s  a  minimum o f  a v a i l a b l e  i n f o r m a t i o n  c o n c e r n i n g  t h e  n a t u r e ,  
q u a n t i t y  a n d  f o rm s  o f  A l c om pounds  i n  s o i l s  i n  L o u i s i a n a ;  a n d  t h i s  
i n f o r m a t i o n  i s  l a r g e l y  c o m p r i s e d  o f  t o t a l  A l v a l u e s  p u b l i s h e d  i n  
p a r i s h  s o i l  s u r v e y  r e p o r t s .  To t h e  a u t h o r ' s  k n o w le d g e  t h e r e  e x i s t s  
no  p u b l i s h e d  i n f o r m a t i o n  c o n c e r n i n g  Al t o x i c i t y  l e v e l s  a n d  l e v e l s  o f  
e x c h a n g e a b l e ,  e x t r a c t a b l e ,  a n d  s o l u t i o n  p h a s e  A l a n d  t h e i r  r e l a t i o n ­
s h i p s  t o  o t h e r  s o i l  p r o p e r t i e s  i n  L o u i s i a n a .  R e s e a r c h  d e s i g n e d  t o  
p r o v i d e  s u c h  i n f o r m a t i o n  i s  n e e d e d  i n  o r d e r  t o  e v a l u a t e  t h e  A l s t a t u s  
o f  m a j o r  s o i l s  u s e d  e x t e n s i v e l y  f o r  a g r i c u l t u r a l  p r o d u c t i o n .  I t  i s  
a l s o  n e e d e d  t o  i n d i c a t e  w h e t h e r  p o t e n t i a l  p r o b le m s  e x i s t  i n  m a r g i n a l  
s o i l s  w h i c h ,  i n  t h e  f u t u r e ,  may b e  b r o u g h t  i n t o  p r o d u c t i o n  a s  
dem ands f o r  f o o d  and  f i b e r  i n c r e a s e .
T h i s  i n v e s t i g a t i o n  w as d e s i g n e d  t o  p r o v i d e  a  s u r v e y  o f  t h e  Al 
s t a t u s  o f  t h e  s o i l s  i n  L o u i s i a n a .  I t  c o n s t i t u t e s  a  p r e l i m i n a r y  
i n v e s t i g a t i o n  o f  Al — s o i l  a c i d i t y  — s o i l  m i n e r a l o g y  r e l a t i o n s h i p s ,  
a n d  i s  a l s o  I n t e n d e d  t o  p r o v i d e  i n f o r m a t i o n  n e c e s s a r y  t o  t h e  p l a n n i n g  
a n d  i m p l e m e n t a t i o n  o f  s p e c i f i c  a n d  m ore  c o m p r e h e n s i v e  r e s e a r c h  i n  t h e s e  
a n d  r e l a t e d  a r e a s .  H o p e f u l l y ,  i t  w i l l  a l s o  f u r n i s h  o t h e r  i n v e s t i ­
g a t o r s  w i t h  i n f o r m a t i o n  c o n c e r n i n g  p o s s i b l e  s o i l - p l a n t  a n d  s o i l -  
p l a n t  n u t r i e n t  i n t e r a c t i o n s .
The s p e c i f i c  r e s e a r c h  o b j e c t i v e s  w e r e :  (1 )  t o  d e t e r m i n e  w h ic h ,
i f  a n y ,  m a j o r  m i n e r a l  s o i l  a r e a s  i n  L o u i s i a n a  c o n t a i n  s o i l s  i n  w h ic h  
t h e  p o t e n t i a l  f o r  A l t o x i c i t y  e x i s t s ,  ( 2 )  t o  d e t e r m i n e  t h e  q u a n t i t i e s  
a n d  d o m in a n t  n o n m i n e r a l  f o r m s  o f  A l t h a t  m i g h t  b e  e x p e c t e d  i n  t h e  
d i f f e r e n t  s o i l  a r e a s  s t u d i e d ,  ( 3 )  t o  e v a l u a t e  t h e  r e l a t i o n s h i p s
b e tw e e n  s o i l  p r o p e r t i e s  s u c h  a s  pH, k i n d s  a n d  a m o u n ts  o f  c l a y  m i n e r a l s ,  
o r g a n i c  m a t t e r  c o n t e n t ,  a n d  e x c h a n g e a b l e  c a t i o n s  a n d  t h e  q u a n t i t i e s  
o f  Al m e a s u r e d  by  d i f f e r e n t  m e th o d s ,  an d  (4 )  t o  e v a l u a t e  r e l a t i o n s h i p s  
b e tw e e n  m i n e r a l o g y  o f  t h e  s o i l s  a n d  t h e  l e v e l s  o f  A l i n  e q u i l i b r a t e d  
s o i l - w a t e r  s u s p e n s i o n s .
S e l e c t e d  s o i l s  f ro m  e a c h  o f  t h e  s i x  m a j o r  m i n e r a l  s o i l  a r e a s  i n  
t h e  s t a t e  w e re  i n c l u d e d  i n  t h e  s t u d y .  W i t h i n  e a c h  a r e a ,  t h e  s o i l s  
s a m p le d  i n c l u d e d  t h o s e  t h a t  ( 1 ) o c c u p y  e x t e n s i v e  a r e a s ,  ( 2 ) a r e ,  o r  
a p p e a r  t o  h a v e  a  p o t e n t i a l  f o r  b e i n g  u s e d  e x t e n s i v e l y  i n  a g r i c u l t u r a l  
p r o d u c t i o n ,  and  (3 )  a p p r o x i m a t e  t h e  e x p e c t e d  r a n g e  i n  s o i l  a c i d i t y  and  
n o n m i n e r a l  fo rm s  o f  A l com pounds .  The s o i l s  s e l e c t e d  r e p r e s e n t  
m em bers o f  t h e  A l f i s o l ,  E n t i s o l ,  I n c e p t i s o l ,  M o l l i s o l ,  and  U l t i s o l  
s o i l  o r d e r s .  Some s o i l s  w e re  i n t e n t i o n a l l y  i n c l u d e d  i n  w h ic h  v e r y  low  
l e v e l s  o f  some f o rm s  o f  Al w e re  e x p e c t e d .
REVIEW OF LITERATURE
Aluminum i s  c o n s i d e r e d  o n e  o f  t h e  m o s t  i m p o r t a n t  e l e m e n t s  f rom  
t h e  s t a n d p o i n t s  o f  s o i l  g e n e s i s  and  c l a s s i f i c a t i o n ,  m in e r a l o g y ,  
a c i d i t y ,  an d  s o i l - n u t r i e n t  a n d  s o i l - p l a n t  r e l a t i o n s h i p s .  A l th o u g h  
t h e s e  t o p i c s  a r e  i n t e r r e l a t e d  a n d  d i f f i c u l t  t o  d i s c u s s  i n d i v i d u a l l y ,  
t h i s  r e v i e w  h a s  b e e n  d i v i d e d  i n t o  f o u r  s e c t i o n s .  T h e s e  a r e :  (1 )
t h e  r o l e  o f  Al i n  s o i l  d e v e lo p m e n t  an d  m i n e r a l o g y ,  (2 )  m i n e r a l  
s t a b i l i t y  r e l a t i o n s h i p s  o f  A l compounds i n  s o i l s ,  (3 )  t h e  r o l e  o f  Al 
i n  s o i l  a c i d i t y ,  and  ( 4 )  t h e  e f f e c t s  o f  Al on p l a n t  g r o w th .
The R o le  o f  Aluminum i n  S o i l  D e v e lo p m e n t  a n d  M in e r a lo g y  
Aluminum i s  t h e  t h i r d  m o s t  a b u n d a n t  e l e m e n t  i n  t h e  e a r t h ' s  
c r u s t  a n d  i n  m o s t  s o i l s .  I t  i s  a n  i n t e g r a l  p a r t  o f  a l u m i n o s i l i c a t e  
m i n e r a l s ,  an d  h a s  lo n g  b e e n  c a t e g o r i z e d  b y  g e o l o g i s t s  a n d  s o i l  
s c i e n t i s t s  a s  on e  o f  t h e  l e a s t  s o l u b l e  e l e m e n t s  r e l e a s e d  f ro m  m i n e r a l s  
d u r i n g  w e a t h e r i n g  and  s o i l  g e n e s i s  ( B a r s h a d ,  1 9 6 4 ;  a n d  M a r i l l ,  1 8 9 7 ) .  
H ow ever ,  Huang a n d  K e l l e r  (1 9 7 0 ,  1971 , 1972) h a v e  i n d i c a t e d  t h a t  Al i s  
r e l a t i v e l y  m o b i l e ,  and  c o m p le x in g  o r g a n i c  a c i d s  c a n  b e  r e s p o n s i b l e  f o r  
t h e  d i s s o l u t i o n  o f  a l u m i n o s i l i c a t e  m i n e r a l s  and  t h e  movement o f  Al and  
S i  i n  a  w e a t h e r i n g  s o i l  p r o f i l e .  The s o l u b i l i t y  o f  Al h a s  l o n g  b e e n  
r e c o g n i z e d  t o  b e  p H - d e p e n d e n t  and  b e c a u s e  o f  t h e  s u s c e p t i b i l i t y  o f  
many o r g a n i c  a c i d s  t o  o x i d a t i o n ,  i t  c a n  a l s o  b e  i n d i r e c t l y  Eh- 
d e p e n d e n t  (Huang and  K e l l e r ,  1 9 7 2 ) .  T h e s e  r e s u l t s  p r o v i d e  g e o ­
c h e m i c a l  m e c h a n ism s  f o r  t h e  d i s s o l u t i o n ,  t r a n s p o r t ,  an d  d e p o s i t i o n  
o f  A l com pounds i n  t h e  z o n e  o f  w e a t h e r i n g .  Huang an d  K e l l e r  c o n c lu d e d
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t h a t  n o t  o n ly  may t h e  r a t e s  o f  w e a t h e r i n g ,  r e s i d u a l  a c c u m u l a t i o n ,  an d  
p r e f e r e n t i a l  d i s s o l u t i o n  o f  c l a y  m i n e r a l s  b e  a c c e l e r a t e d  b y  o r g a n i c  
a c i d s  b u t  t h e  s o l u t i o n  t r a n s p o r t  o f  s p a r i n g l y  s o l u b l e  e l e m e n t s ,  s u c h  
a s  A l ,  i s  a l s o  f a c i l i t a t e d .  They  a l s o  n o t e d  t h a t  t h e s e  f a c t o r s  a n d  
t h e  a b u n d a n c e  o f  A l - c o m p le x in g  a n i o n s ,  s u c h  a s  OH, PO4 , and  SIO4 , 
t y p i c a l l y  r e s u l t  i n  s h o r t  d i s t a n c e s  o f  A l t r a n s p o r t .
The d i s s o l u t i o n  o f  A l ,  Fe  a n d  Mn o x i d e s  an d  h y d r o x i d e s  i n  t h e  
s o i l  h e l p s  d e f i n e  t h e  t y p e ,  d i r e c t i o n  a n d  e x t e n t  o f  p e d o g e n ic  p r o ­
c e s s e s .  F o r  e x a m p le ,  S p o d o s o l s  t y p i c a l l y  fo rm  u n d e r  f o r e s t  v e g e t a t i o n  
and  a r e  c h a r a c t e r i z e d  by  B h o r i z o n s  e n r i c h e d  i n  o r g a n i c  m a t t e r ,  c l a y ,  
an d  A l an d  F e  compounds t h a t  h a v e  b e e n  t r a n s p o r t e d  downw ard f rom  o v e r -  
l y i n g  h o r i z o n s  ( B a r s h a d ,  1 9 6 4 ;  B l a n c h a r  a n d  S c r i v n e r ,  1972 ; and  
R u s s e l l ,  1 9 7 3 ) .  T h i s  m o b i l i z a t i o n  o f  Al a n d  Fe com pounds i s  p a r t i a l l y  
d u e  t o  t h e i r  c o m p le x in g  w i t h  o r g a n i c  com pounds (Huang and  K e l l e r ,
1971 ;  an d  R u s s e l l ,  1 9 7 3 ) .  M a lco lm  an d  M cC racken  (1 9 6 8 )  r e p o r t e d  t h a t  
ca n o p y  d r i p  w as a n  i m p o r t a n t  s o u r c e  o f  o r g a n i c  m a t t e r  f o r  Al and  Fe  
m o b i l i z a t i o n  a s  w e l l  a s  c e r t a i n  o t h e r  p e d o g e n ic  p r o c e s s e s  o c c u r r i n g  
i n  s o i l s .  The k i n d  o f  o r g a n i c  compounds may a l s o  i n f l u e n c e  s o i l  
d e v e lo p m e n t .  F o r  e x a m p le ,  Dekirape an d  M a r t e l l  (1 9 7 6 )  fo u n d  s i g n i f i ­
c a n t l y  m ore  Al a n d  Fe  compounds i n  t h e  B h o r i z o n  o f  10 S p o d o s o ls  
u n d e r  c o n i f e r s  t h a n  u n d e r  d e c i d u o u s  t r e e s .
M i l l e r  ( 1 9 6 5 ,  1972) d e s c r i b e d  a  p o s s i b l e  m echan ism  f o r  b o t h  
m o b i l i t y  and  c o n s e r v a t i o n  o f  A l i n  c e r t a i n  s o i l s .  He p o s t u l a t e d  t h a t  
" e x t r a c t a b l e "  a c i d i t y  m e a s u r e d  i n  some n e u t r a l  and  a l k a l i n e  s o i l  
h o r i z o n s  may b e  d u e  t o  t h e  a m p h o t e r i c  n a t u r e  o f  Al com pounds w h ic h  
h a v e  fo rm ed  a n d  s e r v e  t o  " c o n s e r v e "  Al i n  t h e  s y s t e m .  I n  h i s  m o d e l ,
A l f ro m  com pounds t h a t  a r e  d i s s o l v e d  i n  a c i d  s o i l  h o r i z o n s  may b e
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r e p r e c i p i t a t e d  i n  lo w e r  h o r i z o n s  t h a t  a r e  l e s s  a c i d .  He s u g g e s t e d  
t h a t  t h e  r e p r e c i p i t a t e d  m a t e r i a l s  w ere  l a r g e l y  h y d r o x y -A l  i n t e r ­
l a y e r s  i n  e x i s t i n g  t h r e e - l a y e r  p h y l l o s i l i c a t e s  a n d / o r  k a o l i n i t e  o r  
compounds s i m i l a r  i n  c o m p o s i t i o n .
I n  1950, MacEwan i d e n t i f i e d  a  14A m i n e r a l  i n  s o i l  c l a y s  w h ic h  h e  
d e s c r i b e d  a s  c o n s i s t i n g  o f  m i c a - l a y e r s  i n t e r s t r a t i f i e d  w i t h  A l o r  Fe 
o x i d e s .  S i n c e  t h e n ,  many i n v e s t i g a t o r s  i n  t h e  U n i t e d  S t a t e s  h a v e  
i d e n t i f i e d  p a r t i a l l y  i n t e r l a y e r e d  p h y l l o s i l i c a t e s  i n  s o i l s  (Colem an 
a n d  Thomas, 1 9 6 4 ;  R ic h ,  1968 ;  a n d  R ic h  an d  O b e n s h a in ,  1 9 5 5 ) .  T h e re  
i s  g e n e r a l  a g r e e m e n t  t h a t  i n  many c a s e s  t h e  i n t e r l a y e r  m a t e r i a l  i s  o f  
a p p r o x i m a t e l y  t h e  c o m p o s i t i o n  s u g g e s t e d  b y  K l a g e s  and  W h i te  (1 9 5 7 )  — 
A1 ( 0 H)XH2 0 ^ 3 ^ X^  . B la c k  (1 9 6 8 )  d e s c r i b e d  t h e s e  h y d r o x y -A l  i n t e r ­
l a y e r s  a s  i n c o m p l e t e l y  n e u t r a l i z e d ,  h y d r a t e d  Al i o n s  t h a t  a r e  
s t a b i l i z e d  a g a i n s t  f u r t h e r  n e u t r a l i z a t i o n  a n d  a g a i n s t  r e l e a s e  t h r o u g h  
i o n  e x c h a n g e  b y  p o l y m e r i z a t i o n ,  p h y s i c a l  l o c a t i o n ,  and  c h e m i c a l  
c o m b in a t io n  w i t h  a d j a c e n t  l a y e r s .  The s o i l  c o n d i t i o n s  g e n e r a l l y  
c o n s i d e r e d  m o s t  f a v o r a b l e  f o r  t h e  f o r m a t i o n  o f  h y d r o x y - A l  i n t e r l a y e r s  
i n  s o i l s  a r e  a c t i v e  w e a t h e r i n g ,  a c i d  pH ( a b o u t  5 . 0 ) ,  low  o r g a n i c  
m a t t e r  c o n t e n t ,  a n d  f r e q u e n t  w e t t i n g  and  d r y i n g  o f  t h e  s o i l  ( R i c h ,  
1 9 6 8 ) .  M i l l e r  (1 9 6 5 ,  1972) i n d i c a t e s  t h a t  e x t e n s i v e  h y d r o x y - A l  
i n t e r l a y e r i n g  a l s o  o c c u r s  i n  n e u t r a l  o r  a l k a l i n e  h o r i z o n s  i n  some 
s o i l s .  Huang a n d  K e l l e r ' s  (1 9 7 2 )  s t u d i e s  o f  i o n i c  fo rm s  o f  A l 
compounds a s  a  f u n c t i o n  o f  pH i n d i c a t e  t h a t  h y d r o x y -A l  f o r m s  a r e  
d o m in a n t  a t  pH v a l u e s  ab o v e  a b o u t  4 . 5 .
The e f f e c t s  o f  t h e  h y d r o x y - A l  i n t e r l a y e r s  on  s o i l  p r o p e r t i e s  a r e  
n o t  f u l l y  k now n . N e v e r t h e l e s s ,  t h e r e  i s  g e n e r a l  a g r e e m e n t  t h a t  
h y d r o x y -A l  i n t e r l a y e r s :  (1 )  a r e  r e s p o n s i b l e  f o r  p e d o g e n ic
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c h l o r i t i z a t i o n  a n d / o r  v e r m i c u l i t i z a t i o n  o f  e x p a n d i n g - l a t t i c e  c l a y  
m i n e r a l s  ( R i c h ,  1 9 6 8 ) ,  (2 )  r e d u c e  CEC b y  b l o c k i n g  e x c h a n g e  s i t e s  
( C l a r k ,  1 9 6 4 ;  a n d  F r i n k ,  1 9 6 5 ) ,  (3 )  r e d u c e  NH^ an d  K i o n  f i x a t i o n  
b y  l i m i t i n g  c o l l a p s i b i l i t y  o f  t h e  s i l i c a t e  l a y e r s  ( R i c h ,  1960; Shen  
a n d  R i c h ,  1 9 6 2 ;  an d  W h i t e ,  1 9 6 2 ) ,  (4 )  r e d u c e  t h e  e x p a n s i o n  c a p a b i l i t y  
o f  s m e c t i t e s  ( K id d e r  a n d  R e e d ,  1972 ; a n d  T am ura ,  1 9 5 7 ) ,  a n d  (5 )  s e r v e  
a s  a  s o u r c e  o f  s o i l  a c i d i t y  (C olem an a n d  Thom as, 1 9 6 4 ,  1 9 6 7 ;  and  
K a m p ra th ,  1 9 7 2 ) ,
J a c k s o n  (1 9 6 3 )  r e p o r t e d  t h a t  Al r e l e a s e d  d u r i n g  w e a t h e r i n g  
t e n d s  t o  a c c u m u l a t e  i n  t h e  i n t e r l a y e r  p o s i t i o n  o f  t h r e e - l a y e r  
p h y l l o s i l i c a t e s  i n s t e a d  o f  f o r m in g  g i b b s i t e .  I n  a  s t u d y  o f  h y d r o x y -  
Al i n t e r l a y e r i n g  i n  m o n t m o r i l I o n i t e  and  v e r m i c u l i t e ,  B ry d o n  and 
T u r n e r  (1 9 7 2 )  fo u n d  t h a t  a s  A l(0 H )x  a p p r o a c h e d  t h e  s o l u b i l i t y  
p r o d u c t  o f  g i b b s i t e  t h e  A l(C H )x  moved f ro m  t h e  i n t e r l a y e r  p o s i t i o n  
t o  fo rm  g i b b s i t e .  U n l i k e  m o n t m o r i l l o n i t e ,  v e r m i c u l i t e  r e t a i n e d  a n  
a p p r e c i a b l e  am oun t o f  i n t e r l a y e r  m a t e r i a l  a n d  d i d  n o t  r e g a i n  i t s  
o r i g i n a l  CEC. T h e r e f o r e ,  a n  a p p r e c i a b l e  am o u n t  o f  i n t e r l a y e r  A1(0H)X 
was s t a b l e  i n  v e r m i c u l i t e  r e l a t i v e  t o  g i b b s i t e ,  w h e r e a s  i n  m on t­
m o r i l l o n i t e  i t  was n o t .  B a r n h i s e l  a n d  R i c h  (1963) a l s o  r e p o r t e d  t h a t  
g i b b s i t e  fo rm e d  f rom  h y d r o x y - A l  i n t e r l a y e r s  o f  m o n t m o r i l l o n i t e .  They  
e s t a b l i s h e d  t h a t  g i b b s i t e  fo rm e d  i n  t h e  p r e s e n c e  o f  m o n t m o r i l l o n i t e  
a t  a  pH o f  l e s s  t h a n  4 . 3 .  T h u s ,  i t  a p p e a r s  t h a t  i n  some a c i d  s o i l s  
g i b b s i t e  may h a v e  fo rm ed  w i t h  a n  i n t e r m e d i a t e  s t e p  i n v o l v i n g  h y d r o x y -  
Al i n t e r l a y e r s  i n  c l a y  m i n e r a l s .
M a jo r  r o l e s  o f  Al i n  s o i l  d e v e lo p m e n t  a n d  m i n e r a l o g y  may be  
sum m arized  i n  t h e  f o l l o w i n g  m a n n e r .  I t  h a s  r e c e n t l y  b e e n  e s t a b l i s h e d
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t h a t  Al i s  s o l u b l e  i n  o r g a n i c  a c i d s  and may b e  q u i t e  m o b i l e  i n  s o i l s .  
I n  a d d i t i o n  t o  b e i n g  p H - d e p e n d e n t , A l s o l u b i l i t y  i s  r e p o r t e d  t o  be 
i n d i r e c t l y  E h - d e p e n d e n t . The a m p h o t e r i c  n a t u r e  o f  Al h a s  b e e n  shown 
t o  e f f e c t  i t s  m o b i l i t y  an d  c o n s e r v a t i o n  t h r o u g h  h y d r o x y -A l  i n t e r l a y e r  
f o r m a t i o n .  The c o n d i t i o n s  g e n e r a l l y  c o n s i d e r e d  m ost f a v o r a b l e  f o r  
h y d r o x y - A l  i n t e r l a y e r  f o r m a t i o n  i n  s o i l  c l a y  m i n e r a l s  a r e  a c t i v e  
w e a t h e r i n g ,  a c i d  pH, low o r g a n i c  m a t t e r  c o n t e n t ,  and f r e q u e n t  w e t t i n g  
an d  d r y i n g  o f  t h e  s o i l .  I t  i s  g e n e r a l l y  a g r e e d  t h a t  h y d r o x y - A l  i n t e r ­
l a y e r s  ( 1 ) a r e  r e s p o n s i b l e  f o r  p e d o g e n ic  c h l o r i t i z a t i o n  a n d / o r  
v e r m i c u l i z a t i o n  o f  e x p a n d i n g - l a t t i c e  c l a y  m i n e r a l s ,  (2 )  r e d u c e  CEC,
(3 )  r e d u c e  NH^ a n d  K i o n  f i x a t i o n ,  (4 )  r e d u c e  s m e c t i t e  e x p a n s i ­
b i l i t y ,  an d  (5 )  s e r v e  a s  a  s o u r c e  o f  s o i l  a c i d i t y .
M i n e r a l  S t a b i l i t y  R e l a t i o n s h i p s  o f  Aluminum Compounds i n  S o i l s
I n  r e c e n t  y e a r s  t h e r e  h a v e  b e e n  s e v e r a l  r e p o r t s  c o n c e r n i n g  t h e  
s t a b i l i t y  o f  a l u m i n o s i l i c a t e  m i n e r a l s  i n  a q u e o u s  s o l u t i o n s .  M ost o f  
t h e  w o rk  h a s  d e a l t  w i t h  s y s te m s  s u b j e c t e d  t o  r a t h e r  s t r i c t  c o n t r o l  
o v e r  t h e  num ber a n d  k i n d s  o f  m i n e r a l s  p r e s e n t .  G a r r e l s  a n d  C h r i s t  
(1965 )  h a v e  su m m a riz ed  an d  a p p l i e d  much o f  t h e  t h e o r y  an d  m e th o d o lo g y  
o f  th e rm o d y n a m ic s  t o  s o i l s  a n d  g e o c h e m i s t r y .
S o i l s  a r e  o p e n  s y s te m s  a n d ,  a s  s u c h ,  a r e  s u b j e c t  t o  c h a n g e s  
d i c t a t e d  by  t h e i r  e n v i r o n m e n t .  A l th o u g h  s o i l s  a r e  m i x t u r e s  o f  s e v e r a l  
m i n e r a l s ,  t h e  s o l u t i o n  p h a s e  may b e  d o m in a te d  b y  one o r  o n l y  a  few  
m i n e r a l s .  S o i l s  i n  g e n e r a l ,  a n d  i n  p a r t i c u l a r ,  h o r i z o n s  w i t h i n  a  s o i l  
a r e  i n f l u e n c e d  b y  r e m o v a l  and  a d d i t i o n  o f  c o n s t i t u e n t s .  B e c a u s e  r a t e s
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o f  r e m o v a l  a r e  s lo w  w i t h  r e s p e c t  t o  t h e  t im e  r e q u i r e d  f o r  e q u i l i ­
b r a t i o n  i t  i s  p o s s i b l e  t o  sam ple  a  p a r t i c u l a r  s o i l  h o r i z o n ,  e q u i ­
l i b r a t e  t h e  sam p le  w i t h  w a t e r ,  a n d ,  i n  e s s e n c e ,  c l o s e  t h e  s y s te m  f o r  
a  p e r i o d  c o m p a ra b le  t o  a n  e q u i l i b r a t i o n  t im e .  S i n c e  s o i l s  g e n e r a l l y  
h a v e  b e e n  i n  c o n t a c t  w i t h  w a te r  a n d  t h e  a tm o s p h e re  f o r  v e ry  lo n g  
p e r i o d s ,  t h e y  may b e  n e a r  a  s t a t e  o f  e q u i l i b r i u m .  T h u s ,  i t  seems 
r e a s o n a b l e  t o  a ssu m e  t h a t  s o i l s  w i l l  r e a c h  some c l o s e  a p p r o x i m a t io n  
o f  e q u i l i b r i u m  o v e r  a  p e r i o d  o f  s e v e r a l  m onths  i n  a  c l o s e d  s y s te m  
( B a k e r ,  1967; K i t t r i c k ,  1969; and  H uang and  K e l l e r ,  1973a , 1 9 7 3 b ) .  
I n t e r p r e t a t i o n s  o f  m i n e r a l  s t a b i l i t y  may be  made f ro m  s o l u b i l i t y  
d a t a  o b t a i n e d  f ro m  t h i s  " t e m p o r a r i l y  c l o s e d "  s y s te m .  Such i n f e r e n c e  
c a n  b e  a p p l i e d  t o  s o i l s  a s  open  s y s t e m s  b e c a u s e  r a t e s  o f  g a in s  o r  
l o s s e s  o f  c o n s t i t u e n t s  i n  s o i l s  a r e  s lo w .  S in c e  i t  n o r m a l ly  t a k e s  
h u n d r e d s  o f  y e a r s  t o  e f f e c t  a p p r e c i a b l e  ch an g es  i n  s o i l s ,  t h e  i n t e r ­
p r e t a t i o n s  may b e  a p p l i c a b l e  f o r  l o n g  p e r i o d s .  A l s o ,  s i n c e  g e n e r a l  
m i n e r a l  s t a b i l i t y  s e q u e n c e s  h a v e  b e e n  e s t a b l i s h e d ,  t h e s e  d a t a  may b e  
u s e d  f o r  p r e d i c t i v e  p u r p o s e s .
Many i n v e s t i g a t o r s  h a v e  e n c o u n t e r e d  d i f f i c u l t i e s  i n  a p p ly i n g  
t h e s e  t e c h n i q u e s  t o  s o i l s .  F o r  e x a m p le ,  G a r r e l s  a n d  C h r i s t  (1965)  
r e p o r t e d  t h a t  th e rm o d y n am ic  d a t a  f o r  s i l i c a t e s  a r e  s c a r c e  and i n ­
c o n s i s t e n t ,  and M a r io n  e t  a l .  (1 9 7 6 )  r e p o r t e d  t h a t  c h a r a c t e r i z i n g  A l 
a n d  S i  i o n i c  s p e c i e s  i s  d i f f i c u l t .  Huang and K e l l e r  (1973b) fo u n d  
t h a t  c l a y  m i n e r a l s  h a v e  a  w ide  r a n g e  o f  s t a b i l i t i e s ,  and s t a n d a r d  f r e e  
e n e r g i e s  o f  f o r m a t i o n  o f  t h e  m i n e r a l s  v a r y  w i t h  t h e i r  c o m p o s i t i o n .  
S o i l s  a r e  f u r t h e r  c o m p l i c a t e d  b e c a u s e  i n d i v i d u a l  s o i l  p a r t i c l e s  may 
h a v e  t h i n  l a y e r s  on t h e i r  s u r f a c e s  t h a t  r e p r e s e n t  a l t e r a t i o n  p r o d u c t s  
o f  t h e  m i n e r a l .  N e v e r t h e l e s s ,  i t  i s  p o s s i b l e  t o  d e v e lo p  q u a l i t a t i v e
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d i a g r a m s  t h a t  a r e  u s e f u l  i n  d e t e r m i n i n g  w h ic h  m i n e r a l s  may b e  
c o n t r o l l i n g  t h e  c h e m i s t r y  o f  t h e  s o i l  s o l u t i o n ,  and  i n  p r o v i d i n g  
m i n e r a l  s e q u e n c e s  t h a t  m ig h t  b e  e x p e c t e d  i f  e q u i l i b r i u m  w e r e  a t t a i n e d  
( G a r r e l s  and  C h r i s t ,  1 9 6 5 ) .
T h e r e  h a s  b e e n  much c o n j e c t u r e  c o n c e r n i n g  w h ic h  A l a n d  S i  i o n i c
s p e c i e s  a r e  p r e s e n t  a t  g i v e n  pH l e v e l s  (Huang and  K e l l e r ,  1 9 7 2 ,  1 9 7 3 a ;
K i t t r i c k ,  1969 ; a n d  M a r io n  e t  a l . ,  1 9 7 6 ) .  K i t t r i c k  (1 9 6 9 )  r a t i o n a l i z e d  
3+t h a t  s i n c e  t h e  Al i o n  i s  d o m in a n t  i n  t h e  pH r a n g e  w h e re  m o s t  w e a t h e r ­
i n g  o c c u r s ,  n a m e ly  2 . 0  -  6 . 0 ,  i t  i s  t h e  o n l y  Al s p e c i e s  o f  c o n c e r n .  
H ow ever ,  Huang an d  K e l l e r  ( 1 9 7 2 ) ,  an d  M a r io n  e t  a l .  (1 9 7 6 )  showed t h a t  
t h e  p r o p o r t i o n s  o f  A l s p e c i e s  i n  a q u e o u s  s o l u t i o n  a r e  h i g h l y  pH- 
d e p e n d e n t  and  s h o u l d  b e  c o n s i d e r e d .  T h u s ,  c a l c u l a t i o n s  f ro m  a q u e o u s  
s o l u b i l i t y  d a t a  o n  a l u m i n o s i l i c a t e  m i n e r a l s  s h o u ld  b e  b a s e d  on  t h e  
p r o p o r t i o n  o f  d i f f e r e n t  Al s p e c i e s  i n  t h e  c a l c u l a t i o n  (H uang  and 
K e l l e r ,  1 9 7 2 ) .
K i t t r i c k  (1 9 6 9 )  e x a m in ed  some s o i l  m i n e r a l s  i n  t h e  A ^ f ^ - S i C ^ - ^ O  
s y s t e m .  He e m p h a s iz e d  t h a t  t h e r e  a r e  t o o  many m i n e r a l s  i n  s o i l s  t o  
c o n s i d e r  them  a l l  a t  o n c e .  T h e r e f o r e ,  t h e  i d e a  i s  t o  c o n s i d e r  o n l y  
t h o s e  m i n e r a l s  t h a t  seem  m o st  i m p o r t a n t  i n  c o m p e t in g  f o r  a  l i m i t e d  
g r o u p  o f  e l e m e n t s .  He c h o s e  t h i s  s y s t e m  f o r  two r e a s o n s ,  (1 )  i t  i s  a  
r e l a t i v e l y  s im p le  s y s te m  y e t  i t  c o n t a i n s  m i n e r a l s  t h a t  m ake  up  l a r g e  
p e r c e n t a g e s  o f  m any s o i l s ,  a n d  ( 2 ) an d  m o s t  i m p o r t a n t ,  s t a b i l i t y  i n ­
f o r m a t i o n  i s  a v a i l a b l e  f o r  t h e  m i n e r a l s  t h a t  n e e d  t o  b e  c o n s i d e r e d .
He p r e s e n t e d  c o m p o s i t e  m i n e r a l  s t a b i l i t y  d i a g r a m s  o f  a m o rp h o u s  S i ,  
m o n t m o r i l l o n i t e ,  k a o l i n i t e ,  a n d  g i b b s i t e  t h a t  a r e  i n  g o o d  a g re e m e n t  
w i t h  n a t u r a l  s y s t e m s .  He a l s o  d e m o n s t r a t e d  t h a t  c r y s t a l l i z a t i o n  o f  
h y d r o x y - A l  com pounds i s  h i n d e r e d  b y  o r g a n i c  a c i d s .
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H uang and  K e l l e r  (1 9 7 3 b )  c o n s t r u c t e d  s t a b i l i t y  d i a g r a m s  o f  some 
p h y l l o s i l i c a t e s  (K -m ic a ,  k a o l i n i t e  a n d  h a l l o y s i t e )  i n  t h e  S i 0 2 - A l 2 C>3 - 
K2 O-H2 O s y s te m .  They  c o n s i d e r e d  t h e  v a r i a t i o n  o f  Al an d  S i  i o n i c  
s p e c i e s  w i t h  pH i n  c o n s t r u c t i n g  t h e  d i a g r a m s .  The i n t e r p r e t a t i o n s  o f  
t h e i r  s t a b i l i t y  d i a g r a m s  a r e  c o n s i s t e n t  w i t h  d a t a  f ro m  n a t u r a l  w a t e r s  
o f  p r e s e n t - d a y  l o c a l i t i e s  w h e re  k a o l i n i t e  i s  b e i n g  fo rm e d .  They fo u n d  
t h e  s t a b i l i t y  o f  k a o l i n i t e  t o  b e  s t r o n g l y  d e p e n d e n t  on  pH b e lo w  t h e  
i s o e l e c t r i c  p o i n t  o f  A l  i n  a q u e o u s  s o l u t i o n  (pH 6 . 7 ) ,  b u t  i n d e p e n d e n t  
o f  pH i n  m ore  a l k a l i n e  e n v i r o n m e n t s .  Huang (1 9 7 3 )  n o t e d  s i m i l a r  pH- 
d e p e n d e n c e  w i t h  N a - m o n t m o r i l l o n i t e ,  K -m ic a ,  k a o l i n i t e ,  and  h a l l o y s i t e .
He r e p o r t e d  t h a t  s t a b i l i t y  d i a g r a m s  w h ic h  i n c l u d e  A l i n  a d d i t i o n  t o  
Na, K, H, and  IfySiO^ a r e  m ore  r e p r e s e n t a t i v e  o f  n a t u r a l  g e o l o g i c  
s y s te m s  t h a n  t h o s e  w h ic h  o m i t  A l .
M a r io n  e t  a l .  (1 9 7 6 )  e x a m in e d  t h e  a p p l i c a b i l i t y  o f  e q u i l i b r i u m  
r e l a t i o n s h i p s  t o  t h e  m o b i l i t y  o f  A l a n d  S i  i n  o p e n  s y s t e m s ,  s o i l  
c o lu m n s ,  u s i n g  n i n e  s o i l s  r e p r e s e n t i n g  s i x  d i f f e r e n t  s o i l  o r d e r s .  They  
showed t h a t  g i b b s i t e ,  h a l l o y s i t e ,  k a o l i n i t e ,  and  m o n t m o r i l l o n i t e  a p p e a r e d  
t o  c o n t r o l  t h e  s o l u b i l i t y  o f  Al a n d  S i .  I n  m o s t  o f  t h e  s o i l s  i n  t h e i r  
s t u d y ,  t h e  s o l u b i l i t y  o f  Al a p p e a r e d  t o  be  c o n t r o l l e d  b y  a  s o l i d  p h a s e  
compound l e s s  s o l u b l e  t h a n  g i b b s i t e .  They  c o n c lu d e d  t h a t  com pounds 
w h ic h  g o v e r n  Al an d  S i  s o l u b i l i t y  v a r y  f ro m  s o i l  t o  s o i l .  G i b b s i t e  was 
fo u n d  t o  b e  i m p o r t a n t  i n  c o n t r o l l i n g  Al s o l u b i l i t i e s  o n l y  i n  h i g h l y  
w e a t h e r e d  s o i l s .  I n  m ore  m o d e r a t e  w e a t h e r i n g  r e g i m e s ,  a l u m i n o s i l i c a t e  
m i n e r a l s  w e re  m ore  l i k e l y  t o  c o n t r o l  Al s o l u b i l i t i e s .  T h e re  w as c o n ­
s i d e r a b l e  d i f f e r e n c e  i n  t h e  t o t a l  s o l u b l e  A l t h a t  e x i s t e d  i n  e q u i l i b r i u m  
w i t h  t h e  d i f f e r e n t  A l compounds ( t h r e e  o r d e r s  o f  m a g n i t u d e ) ;  t h i s  a l o n e  
c a n  r e s u l t  i n  a p p r e c i a b l e  d i f f e r e n c e s  i n  t h e  Al s t a t u s  o f  s o i l s .
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R eesm an and  K e l l e r  (1 9 6 8 )  s t u d i e d  t h e  low b u f f e r i n g  c a p a c i t y  o f  
s o l u t i o n s  e q u i l i b r a t e d  w i t h  h i g h  a l u m i n a  an d  a l u m i n o s i l i c a t e  m i n e r a l s .  
They  r e p o r t e d  t h a t  v a r i a t i o n  i n  pH c o n t r o l l e d  by  o t h e r  m i n e r a l s  may b e  
a  m a jo r  f a c t o r  i n  c r e a t i n g  t h e  c o n d i t i o n s  n e c e s s a r y  f o r  f o r m a t i o n  o f  
m i n e r a l  p h a s e s  su ch  a s  b o e h m i t e ,  a l l o p h a n e ,  and  e n d e l l i t e .
Thomas (1974 )  a r g u e d  t h a t  k n o w le d g e  o f  t h e  Al i o n  a c t i v i t y  i n
s o i l  s o l u t i o n s  w i l l  n o t  becom e p r e c i s e  u n t i l  t h e  h y d r o l y t i c  r e a c t i o n s  
o f  Al an d  H2 O h a v e  b e e n  m o re  c l e a r l y  d e f i n e d .  He d o e s  a g r e e  t h a t
e x i s t i n g  m e th o d s  p r o v i d e  a  r e a s o n a b l e  a p p r o x i m a t i o n  o f  s o i l  s o l u t i o n  
A l  a c t i v i t y .
C l a r k  (1 9 6 6 )  s t a t e d  t h a t  t h e  r e l a t i o n s h i p  b e tw e e n  s o i l  pH and  
c o n c e n t r a t i o n  o f  w a t e r  s o l u b l e  Al c a n  b e  p l a c e d  on  a  p h y s i c o c h e m i c a l l y  
c o n s i s t e n t  b a s i s  o n ly  b y  t a k i n g  i n t o  a c c o u n t  t h e  a c t u a l  v a l u e  o f  t h e  
i o n  p r o d u c t  o f  A l ( 0 1 1 ) 3  i n  s o i l s .  He f u r t h e r  r e p o r t e d  t h a t  b e c a u s e  t h e  
v a l u e  o f  pA l +  3pOH may v a r y  from  3 3 - 3 6 ,  d i f f e r e n c e s  i n  t h e  s o l u b i l i t y  
o f  A l ( 0 H) 3  compounds may h a v e  a  g r e a t e r  r e l a t i v e  e f f e c t  on  Al c o n c e n ­
t r a t i o n s  i n  s o i l  s o l u t i o n  t h a n  d i f f e r e n c e s  i n  pH.
A num ber  o f  common m i n e r a l s  i n c l u d i n g  k a o l i n i t e ,  h a l l o y s i t e  an d  
m o n t m o r i l l o n i t e  c a n  p r o d u c e  a  g i b b s i t e - l i k e  C a 1 ( 0 H) 3  3  s o l u b i l i t y  
p r o d u c t  (M a r io n  e t  a l . } 1 9 7 6 ) .  The c a l c u l a t e d  p A l ( 0 H> 3  v a l u e s  s h o u ld  
f a l l  i n  t h e  o r d e r  o f  m o n t m o r i l l o n i t e  ^  k a o l i n i t e  s* g i b b s i t e  a t  
H^SiO^ a c t i v i t i e s  o f  t h e s e  m i n e r a l s  c o n s i s t e n t  w i t h  t h e  s o l i d  p h a s e s .  
The p A l ( 0 H) 3  v a l u e s  g r e a t e r  t h a n  t h a t  o f  g i b b s i t e  i n d i c a t e  t h a t  m o re  
i n s o l u b l e  compounds a r e  g o v e r n i n g  A l s o l u b i l i t y .  T he  f a c t  t h a t  t h e  
p A l ( 0 H) 3  v a l u e  f o r  g i b b s i t e  i n  s o i l  s u s p e n s i o n s  c h a r a c t e r i s t i c a l l y  
d e c r e a s e s  w i t h  i n c r e a s i n g  pH s u g g e s t s  t h a t  s o i l s  c o n t a i n  am orphous 
and  m ore s o l u b l e  A l ( 0 H) 3  a t  h i g h e r  p H ' s  ( F r i n k  an d  P e e c h ,  1963a ;
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a n d  R ic h b u r g  a n d  Adams; 1 9 7 0 ) .  L i n d s a y  a n d  M oreno (1 9 6 0 )  r e p o r t e d  
t h a t  u n d e r  m o s t  c o n d i t i o n s  Al^"*~ a c t i v i t y  i n  s o i l  s o l u t i o n s  w i l l  e x c e e d  
t h a t  o f  t h e  m ore  s t a b l e  g i b b s i t e  b e c a u s e  o f  c o n t i n u e d  w e t t i n g  and  d r y ­
i n g ,  c h a n g in g  o f  o x i d i z i n g  a n d  r e d u c i n g  c o n d i t i o n s ,  a c t i v i t y  o f  
m i c r o b e s ,  and  o t h e r  f a c t o r s  w h ic h  f a v o r  t h e  p e r s i s t e n c e  o f  some o f  
t h e  m ore  s o l u b l e  o r  am orphous  f o r m s .
O th e r  m e th o d s  h a v e  b e e n  u s e d  f o r  e v a l u a t i n g  t h e  A l s t a t u s  o f  s o i l  
s o l u t i o n s .  F o r  e x a m p le ,  M i s r a  e t  a l .  (1 9 7 4 )  p r e s e n t e d  a n  e q u a t i o n  f o r  
e s t i m a t i n g  t h e  A l c o n c e n t r a t i o n  i n  s o l u t i o n  f ro m  pH a n d  i o n i c  s t r e n g t h  
o f  a  s o i l  e x t r a c t .  B r e n e s  a n d  P e a r s o n  (1 9 7 3 )  d e v e lo p e d  a n  e q u a t i o n  t o  
d e t e r m i n e  s o i l  s o l u t i o n  Al c o n c e n t r a t i o n  b y  u s i n g  pH a n d  e l e c t r i c a l  
c o n d u c t i v i t y  o f  a  s a t u r a t e d  p a s t e  e x t r a c t .
D a l a i  (1 9 7 5 )  c h a r a c t e r i z e d  t h e  h y d r o l y s i s  p r o d u c t s  o f  A l i o n s  
f r o m  " s o l u t i o n "  A l and  " e x c h a n g e a b l e "  Al e x t r a c t e d  f ro m  a c i d  s o i l s  
w i t h  0 .01M  C a C l2  a n d  N K C l, r e s p e c t i v e l y .  He a g r e e d  w i t h  B l a n c h a r  
a n d  S c r i v n e r  (1 9 7 2 )  t h a t  t h e  d e g r e e  o f  h y d r o l y s i s  o f  " e x c h a n g e a b l e "
A l w as  lo w e r  t h a n  " s o l u t i o n "  A l .  H o w ev er ,  h e  d i s a g r e e d  w i t h  R a g la n d  
a n d  C olem an (1 9 5 9 )  who s u g g e s t e d  t h a t  Al i o n s  h y d r o l y z e  m ore  e x t e n ­
s i v e l y  i n  a c i d  s o i l s  and  c l a y  s y s te m s  t h a n  i n  a q u e o u s  s o l u t i o n s  a t  
t h e  same pH.
In contrast to these techniques, Chesworth (1 9 7 5 )  believes that 
the application of Gibbs phase rule and topological techniques of 
Schreinemaker are more applicable to studies of mineral stability 
in soil systems.
I n  sum m ary , t h e  t h e o r y  a n d  m e th o d o lo g y  o f  th e r m o d y n a m ic s  h a s  b e e n  
a p p l i e d  t o  s o i l s  a n d  g e o c h e m i s t r y  by  many s c i e n t i s t s .  T hey  h a v e :
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( 1 ) d e v e lo p e d  q u a l i t a t i v e  d ia g r a m s  t h a t  a r e  u s e f u l  i n  d e t e r m i n i n g
w h ic h  m i n e r a l s  may b e  c o n t r o l l i n g  t h e  s o i l  s o l u t i o n  c h e m i s t r y  and
i n  p r o v i d i n g  p o s s i b l e  m i n e r a l  s t a b i l i t y  s e q u e n c e s ,  ( 2 )- shown t h a t
c a l c u l a t i o n s  f ro m  a q u e o u s  s o l u b i l i t y  d a t a  c o n c e r n i n g  a l u m i n o s i l i c a t e
m i n e r a l s  s h o u ld  t a k e  i n t o  a c c o u n t  t h e  p r o p o r t i o n  o f  t h e  d i f f e r e n t  Al
i o n  s p e c i e s  i n  t h e  s o l u t i o n ,  (3 )  shown t h a t  t h e  s t a b i l i t y  o f  some
m i n e r a l s  a r e  p H -d e p e n d e n t  b e lo w  t h e  i s o e l e c t r i c  p o i n t  o f  Al i n
a q u e o u s  s o l u t i o n  (pH 6 . 7 )  b u t  i n d e p e n d e n t  o f  pH i n  m ore  a l k a l i n e
e n v i r o n m e n t s ,  a n d  (4 )  shown t h a t  t h e  compounds w h ic h  c o n t r o l  Al and
S i  s o l u b i l i t y  may v a r y  f ro m  s o i l  t o  s o i l .  P o s s i b l e  p ro b le m s
e n c o u n t e r e d  i n  s t u d y i n g  Al c o n c e n t r a t i o n s  i n  t h e  s o i l  s o l u t i o n  a r e :
( 1 ) t h e  low s o l u b i l i t y  o f  some com pounds , ( 2 ) t h e  s t r o n g  t e n d e n c y
3+o f  Al t o  h y d r o l y z e  i n  a q u e o u s  s o l u t i o n ,  and  (3 )  t h e  c o m p le x in g  o f
Al w i t h  o r g a n i c  m a t t e r .
The R o le  o f  Aluminum i n  S o i l  A c i d i t y  
As e a r l y  a s  190 4 ,  V e i t c h  r e p o r t e d  t h a t  s o i l  a c i d i t y  i s  d e p e n d e n t  
on  t h e  p r e s e n c e  o f  Al an d  i n  some i n s t a n c e s  Fe  and  Mn. H ow ever, 
l i t t l e  a t t e n t i o n  was g i v e n  t o  t h i s  an d  s i m i l a r  r e s u l t s  f o r  a  num ber 
o f  y e a r s .  P e a r s o n  (1975 )  an d  P r a t t  (1 9 6 6 )  c i t e  M a g i s t a d ,  who, i n  
1 9 2 5 ,  r e l a t e d  pH t o  t h e  l e v e l  o f  Al i n  s o l u t i o n .  P r a t t  d e m o n s t r a t e d  
t h a t  a s  pH i s  r a i s e d  t h e  l e v e l s  o f  Al i n  s o i l  an d  c u l t u r e  s o l u t i o n s  
d e c r e a s e  r a p i d l y  t o  l e s s  t h a n  1 ppm a t  a b o u t  pH 5 .0  a n d  a b o v e .  I n  
19 3 4 ,  P a v e r  a n d  M a r s h a l l  r e p o r t e d  t h a t  b o t h  A l and  H t a k e  p a r t  i n  
s o i l  a c i d i t y  r e a c t i o n s .  T h e i r  w o rk  w i t h  e x c h a n g e a b le  Al a n d  H 
showed t h a t  s o - c a l l e d  " H - s a t u r a t e d  c l a y s "  w e re  p r e d o m i n a n t l y  
" A l - s a t u r a t e d  c l a y s , "  an d  t h a t  a  m a jo r  p o r t i o n  o f  t h e  Al came fro m
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t h e  r e l e a s e  o f  o c t a h e d r a l l y  c o o r d i n a t e d  Al i n  p h y l l o s i l i c a t e  
m i n e r a l s .
I t  w as n o t  u n t i l  t h e  e a r l y  1 9 5 0 ' s  t h a t  r e s e a r c h e r s  i n  t h e  
U n i t e d  S t a t e s  b e c a m e  e x t e n s i v e l y  c o n c e r n e d  w i t h  t h e  s i g n i f i c a n c e  
o f  A l i n  s o i l  a c i d i t y .  S in c e  t h e n ,  a  number o f  i n v e s t i g a t o r s  
(C o le m a n  and  T hom as, 1967; an d  H su  and  R ic h ,  1 9 6 0 )  h a v e  show n t h a t  
A l i s  t h e  p r e d o m i n a n t  c a t i o n  I n  m o s t  a c i d  m i n e r a l  s o i l s  w i t h  pH 
v a l u e s  lo w e r  t h a n  a b o u t  5 . 0  t o  5 . 5 .  O th e r  s t u d i e s  h a v e  v e r i f i e d  
t h a t  o c t a h e d r a l  A l i n  p h y l l o s i l i c a t e s  c a n  b e  a  m a j o r  s o u r c e  o f  s o i l  
a c i d i t y  A l (C o lem an  a n d  C r a i g ,  1 9 6 1 ) .
C o lem an  and  Thom as (1967)  r e p o r t e d  t h a t  A l  i s  a d s o r b e d  b y
^4-c l a y s  n o t  o n ly  a s  t h e  e x c h a n g e a b l e  m onom eric  t r i v a l e n t  i o n  (A l T ) , 
b u t  a l s o  a s  h y d r o x y - A l  p o ly m e rs  o f  i n d e f i n i t e  s i z e  and  d e g r e e  o f  
h y d r o x y l a t i o n .  G e n e r a l l y ,  s p e c i f i c  fo rm s  o f  A l  i n  t h e  s o i l  a r e  c o n ­
s i d e r e d  t o  be d e p e n d e n t  on pH, t y p e s  and  a m o u n ts  o f  c l a y ,  a n d  
o r g a n i c  m a t t e r  c o n t e n t  ( P io n k e  a n d  C o re y ,  1 9 6 7 ) .
T o d a y ,  m ost  i n v e s t i g a t o r s  (C o lem an  an d  T hom as, 1967; an d  
K a m p r a t h ,  1972) g e n e r a l l y  a g r e e  t h a t :  (1 )  A l i s  t h e  p r e d o m i n a n t
e x c h a n g e a b l e  c a t i o n  i n  m i n e r a l  s o i l s  w i t h  a  pH o f  5 . 0  t o  5 . 5  o r  lo w e r ,
(2 )  e x c h a n g e a b l e  A l  a n d  h y d r o x y - A l  i n t e r l a y e r s  i n  p h y l l o s i l i c a t e s  
a r e  t h e  s o u r c e  o f  much o f  t h e  e x t r a c t a b l e  a c i d i t y  i n  m o s t  a c i d  
m i n e r a l  s o i l s ,  ( 3 )  o c t a h e d r a l - A l  i n  p h y l l o s i l i c a t e s  i s  a  m a j o r  
s o u r c e  o f  e x c h a n g e a b l e  and p e r h a p s  h y d r o x y - A l  i n t e r l a y e r s ,  a n d
( 4 )  a c i d i t y  due  t o  A l  r e s u l t s  f r o m  h y d r o l y s i s  r e a c t i o n s .  Buckman 
a n d  B r a d y  (1969 )  show  s i m p l i f i e d  o v e r a l l  h y d r o l y s i s  r e a c t i o n s  a s ;
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Al +  H2 0 Al (OH) +  H
A l (OH)"*~  ̂ +  H2 0  ?=* Al (OH) 2 "̂ +  H+
A l(O H )2+  +  h 2o  ^  Al(OH ) 3  + H + .
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E ach  A l i o n  i s  c a p a b l e ,  t h r o u g h  h y d r o l y s i s ,  o f  s u p p l y i n g  t h r e e  H+ 
i o n s  t o  t h e  s o i l  s o l u t i o n .  T h e s e  r e v e r s i b l e  r e a c t i o n s ,  w h ic h  may 
a l s o  i n v o l v e  h y d r o x y - A l  i n t e r l a y e r s  o r  s u r f a c e  c o a t i n g s  and  o r g a n i c  
m a t t e r ,  a r e  i m p o r t a n t  s o u r c e s  o f  p H - d e p e n d e n t  c h a r g e  a n d  r e p r e s e n t
t h e  m a in  b u f f e r i n g  m e c h a n ism  i n  s o i l s  b e tw e e n  pH 5 . 5  an d  8 . 0  (C olem an
and  Thom as, 1 9 6 7 ;  J a c k s o n ,  1 9 6 3 ;  a n d  McLean e t  a l . ,  1 9 6 5 ) .  The 
h y d r o x y - A l  i o n s  may a c t  a s  e x c h a n g e a b l e  c a t i o n s  a n d  b e  a d s o r b e d  on  
c l a y  p a r t i c l e s  o r  i n  t h e  i n t e r l a y e r  p o s i t i o n  o f  some 2 : 1  e x p a n d in g  
l a t t i c e  c l a y s .  I n  t h i s  f o r m ,  t h e y  t e n d  t o  b l o c k  some e x c h a n g e  s i t e s  
an d  p r e v e n t  i n t e r l a y e r  e x p a n s i o n .  As t h e  pH i s  r a i s e d ,  e x c h a n g e  
s i t e s  a r e  r e l e a s e d ,  h e n c e  t h e  t e r m  " p H - d e p e n d e n t "  c h a r g e .  The 
f o l l o w i n g  r e a c t i o n s  a r e  i l l u s t r a t i v e  o f  t h i s  p r o c e s s .
Al 3+ -  A l +  OH A1(0H)++
A1(0H)"H ' + OH" ^  A 1(0H )2+
A 1(0H )2+  + oh" ^  A1(0H ) 3
The e x a c t  fo rm  o f  many A l compounds i n  s o i l s  i s  d e b a t a b l e .
Some r e s e a r c h e r s  ( F r i n k  a n d  P e e c h ,  1 963b ;  R a g la n d  a n d  C o lem an ,  1960 ;
| |
an d  R a u p a c h ,  1963) v i s u a l i z e d  t h e  s im p l e  m onom eric  fo rm  Al(OH) a s
t h e  h y d r o l y t i c  p r o d u c t  o f  Al^"** an d  H2 0 ,  w h e r e a s  o t h e r s  ( B r o s s e t  e t
a l . ,  1 954 ;  Hsu a n d  R i c h ,  1 9 6 0 ;  and  R ic h b u r g  and  Adams, 1970) f a v o r e d
34-p o ly m e r  i c  f o r m s ,  su ch  a s  A I ^ oh) - ^  • As a  r e s u l t  o f  t h e  d i f f e r e n t  
o p i n i o n s  c o n c e r n i n g  t h e  f o rm s  o f  Al i n  t h e  s o i l ,  i n d i v i d u a l  d e s c r i p t i o n s  
o f  A l r e a c t i o n s  and  r e a c t i o n  m ec h a n ism s  h a v e  b e e n  p r e s e n t e d  i n  a  number 
o f  w a y s ,  e v e n  th o u g h  t h e  f u n d a m e n ta l  p r i n c i p l e s  a r e  q u i t e  s i m i l a r .
B la c k  (1 9 6 8 )  a n d  Colem an a n d  Thomas (1 9 6 7 )  p o i n t e d  o u t  t h a t  
t h e  t r i p l e  c h a r g e  o f  A l m akes i t  a n  e x t r e m e l y  good c o m p e t i t o r  f o r  
c a t i o n  a d s o r p t i o n  s i t e s  on  c l a y  m i n e r a l s .  H ow ever ,  i n  a  s o i l  o r  c l a y  
s y s te m ,  i o n - e x c h a n g e  r e a c t i o n s  i n v o l v i n g  Al a r e  c o m p l i c a t e d  b y  h y d r o l y  
s i s  and  r e a d s o r p t i o n  r e a c t i o n s  (C olem an  and  Thom as, 1 9 6 7 ) .  The h y d r o l  
y s i s  and  r e a d s o r p t i o n  may i n v o l v e  t h e  f o r m a t i o n  o f  h y d r o x y - A l  com­
p o u n d s ,  w h ic h  may b e  f i x e d  b y  c l a y s  i n  n o n e x c h a n g e a b le  fo rm s  t h a t  
e v e n t u a l l y  r e s u l t  i n  t h e  f o r m a t i o n  o f  h y d r o x y -A l  i n t e r l a y e r s  (Hsu 
a n d  R i c h ,  1 9 6 0 ;  R eev e  a n d  Sum ner,  1 9 7 1 ;  an d  R i c h ,  1 9 6 0 ) .
B la c k  (1 9 6 8 )  e m p h a s iz e d  t h a t  s o i l  a c i d i t y  i n v o l v e s  b o t h  i n t e n s i t y  
a n d  q u a n t i t y  a s p e c t s . The i n t e n s i t y  a s p e c t  i s  c h a r a c t e r i z e d  b y  
m e a s u r e m e n ts  o f  H i o n  a c t i v i t y ,  e x p r e s s e d  a s  pH. The q u a n t i t y  a s p e c t  
i s  c h a r a c t e r i z e d  d i r e c t l y  o r  i n d i r e c t l y  b y  t h e  q u a n t i t y  o f  a l k a l i  
n e e d e d  t o  t i t r a t e  a  s o i l  t o  a  g i v e n  e n d p o i n t .
F r e q u e n t l y ,  c a t i o n  e x c h a n g e  c a p a c i t y  (CEC) and  b a s e  s a t u r a t i o n  
d e t e r m i n a t i o n s  a r e  made s i m u l t a n e o u s l y  w i t h  s o i l  a c i d i t y  m e a s u r e m e n ts .  
The t e r m i n o l o g y  u s e d  t o  d e s c r i b e  t h e  v a r i o u s  v a l u e s  o b t a i n e d  i s  
n o t  s t a n d a r d i z e d  a n d  c a n  b e  c o n f u s i n g .  The p r e d o m i n a n t  e x t r a c t i n g  
s o l u t i o n s  u s e d  f o r  t h e  m e a s u re m e n ts  a r e  a  n e u t r a l ,  u n b u f f e r e d  s a l t  
s o l u t i o n ,  s u c h  a s  n o rm a l  p o t a s s i u m  c h l o r i d e  (N K C l ) ; a  s o l u t i o n
b u f f e r e d  a t  pH 7 . 0 ,  s u c h  a s  n o r m a l  ammonium a c e t a t e  (N NH^OAc); a n d  a
s o l u t i o n  b u f f e r e d  a t  pH 8 . 0  o r  8 . 2 ,  s u c h  a s  b a r iu m  c h l o r i d e -  
t r i e t h a n o l a m i n e  ( B a C ^ - T E A ) . The s o i l  c o m p o n e n ts  e x t r a c t e d  w i t h  t h e  
s o l u t i o n s  d e p e n d ,  i n  p a r t ,  on  t h e  pH o f  t h e  e x t r a c t i n g  s o l u t i o n .
The a c i d i t y  e x t r a c t e d  a t  pH 8 . 2  i s  n o r m a l l y  t e r m e d  " e x t r a c t a b l e , "
" t i t r a t a b l e , "  o r  " t o t a l "  a c i d i t y .  The a c i d i t y  e x t r a c t e d  w i t h  N KCl i s
u s u a l l y  t e rm e d  " e f f e c t i v e "  o r  " e x c h a n g e a b l e . "  The com ponent
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e x t r a c t e d  w i t h  N NH4 .OAC m ay b e  p l a c e d  i n  e i t h e r  c a t e g o r y .  The 
d i f f e r e n c e  b e tw e e n  t h e  e x c h a n g e a b l e  a n d  e x t r a c t a b l e  c o m p o n e n ts  
i s  u s u a l l y  t e r m e d  n o n e x c h a n g e a b le  o r  p H - d e p e n d e n t ,  a n d  h a s  b e e n  shown 
t o  i n c r e a s e  a s  t h e  pH i n c r e a s e s  (C o lem a n  and  T hom as, 1 967 ;  K a m p ra th ,  
1 9 7 2 ;  H e l l i n g  e t  a l . ,  1 9 6 4 ;  McLean e t  a l . ,  1965; a n d  P r a t t  and  B l a i r ,  
1 9 6 1 ) .  T he  d i v i d i n g  l i n e  b e tw e e n  t h e  e x c h a n g e a b l e  a n d  n o n e x c h a n g e a b le  
c o m p o n e n ts  i s  n o t  p r e c i s e ,  a n d  i s  e s t a b l i s h e d  o n  t h e  b a s i s  o f  t h e  
e x t r a c t i o n  m e th o d  e m p lo y e d  (McLean e t  a l . ,  1 9 6 5 ) .
Many r e s e a r c h e r s  ( C h e r n o v ,  1 947 ;  Colem an a n d  T hom as, 1967; 
K a m p ra th ,  1 9 7 2 ;  and  L i n  a n d  C olem an , 19 6 0 )  h a v e  show n  t h a t  e x c h a n g e ­
a b l e  a c i d i t y  i s  a l m o s t  e n t i r e l y  due  t o  h y d r o l y z e d  e x c h a n g e a b l e  A l^ +  
i o n s  b u t  t h a t  some e x c h a n g e a b l e  IT1* i o n s  may b e  i n c l u d e d .  K am pra th  
(1 9 7 2 )  e x p l a i n e d  t h a t  f o r  a l l  p r a c t i c a l  p u r p o s e s  t h e  pH o f  t h e  s o i l
i n  a  n e u t r a l ,  u n b u f f e r e d  s a l t  s o l u t i o n  w i l l  b e  c l o s e  t o  t h a t  o f  t h e
34-f i e l d  s o i l .  T h e r e f o r e ,  t h e  q u a n t i t y  o f  Al i o n s  e x t r a c t e d  w i l l  
a p p r o x i m a t e l y  e q u a l  t h e  am o u n t  on t h e  c a t i o n  e x c h a n g e  s i t e s .  H i s  
w o rk  i n d i c a t e d  t h a t  NH^OAc and  o t h e r  b u f f e r e d  s o l u t i o n s  a r e  u n s a t i s ­
f a c t o r y  f o r  m e a s u r in g  e x c h a n g e a b l e  A l o r  CEC. T he  CEC d e t e r m i n e d  
i n  t h i s  m a n n e r  n o t  o n l y  i n c l u d e s  s i t e s  o c c u p ie d  b y  e x c h a n g e a b le  
c a t i o n s  b u t  a l s o  p H - d e p e n d e n t  e x c h a n g e  s i t e s .  He q u e s t i o n e d  t h e  
common p r a c t i c e  o f  sum m ing t h e  a c i d i t y  t o g e t h e r  w i t h  b a s e s  e x t r a c t e d  
f o r  e v a l u a t i n g  t h e  CEC a n d  b a s e  s t a t u s  o f  s o i l s .  D a t a  o b t a i n e d  by  
t h a t  m e th o d  d e m o n s t r a t e  t h a t  th e  h i g h e r  t h e  pH o f  t h e  e x t r a c t i n g  
s o l u t i o n ,  t h e  h i g h e r  t h e  CEC, t h e  l o w e r  t h e  b a s e  s a t u r a t i o n ,  an d  
t h e  g r e a t e r  t h e  a p p a r e n t  a c i d i t y  o f  t h e  s o i l  (C o le m a n  an d  Thom as,
1 9 6 7 ) .  A c c o r d in g  t o  C o lem an  e t  a l .  (1 9 5 8 )  t h e  p e r c e n t  b a s e  s a t u r a t i o n
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i s  a n  a r b i t r a r y  d a tu m  b e c a u s e  i t  d e p e n d s  o n  t h e  p r o p o r t i o n  o f  pH- 
d e p e n d e n t  c h a r g e  i n c l u d e d  i n  i t s  c a l c u l a t i o n .  B ased  on  t h e s e  c o n ­
s i d e r a t i o n s  C olem an  e t  a l .  (1 9 5 9 )  s u g g e s t e d  t h a t  t h e  sum o f  t h e  e x ­
c h a n g e a b l e  C a , Mg, K, and  a c i d i t y  e x t r a c t e d  w i t h  a  n e u t r a l ,  u n b u f f e r e d  
s a l t  s o l u t i o n  b e  te rm e d  t h e  " e f f e c t i v e "  CEC o f  t h e  s o i l .  T h i s  com­
p o n e n t  r e p r e s e n t s  t h e  e x c h a n g e  s i t e s  t h a t  a r e  p a r t i c i p a t i n g  i n  e x ­
c h a n g e  r e a c t i o n s  a t  t h e  p a r t i c u l a r  s o i l  pH. K am pra th  (1 9 7 2 )  s t a t e d  
t h a t  t h i s  w o u ld  b e  m ore  r e l a t e d  t o  p l a n t  g ro w th  s i n c e  m o s t  m i n e r a l  
s o i l s  w ou ld  b e  e s s e n t i a l l y  100% b a s e  s a t u r a t e d  a t  pH 6 . 0 .
Reeve a n d  Sumner (1971 )  p o i n t e d  o u t  t h a t  d e t e r m i n a t i o n  o f  e x ­
c h a n g e a b l e  A l b y  c o n v e n t i o n a l  e x t r a c t i o n  p r o c e d u r e s  i s  c o m p l i c a t e d  
b y  d i s s o l u t i o n  o f  n o n e x c h a n g e a b le  A l w h ic h  d e p e n d s  o n  t h e  pH, c o n ­
c e n t r a t i o n  a n d  n a t u r e  o f  e x t r a c t a n t  a s  w e l l  a s  t h e  d u r a t i o n  o f  e x ­
t r a c t i o n .  T r a d i t i o n a l l y ,  pH w as c o n s i d e r e d  t o  be  t h e  m a in  f a c t o r  
g o v e r n i n g  t h e  r e l a t i o n s h i p  b e tw e e n  e x c h a n g e a b le  an d  n o n e x c h a n g e a b le  
Al ( P io n k e  a n d  C o r e y ,  1 9 6 7 ) .  H ow ever ,  R eev e  a n d  Sumner (1 9 7 1 )  h a v e  
s u g g e s t e d  t h a t  f o r  N a t a l  O x i s o l s  e x c h a n g e a b l e  Al i s  c o n t r o l l e d  p r i ­
m a r i l y  by  n e t  CEC an d  e x c h a n g e a b l e  b a s e s  r a t h e r  t h a n  b y  pH, o r  o n l y  
s e c o n d a r i l y  b y  pH. They d e t e r m i n e d  t h e  CEC a t  t h e  pH o f  t h e  s o i l  
a n d  c o r r e c t e d  i t  f o r  t h e  a n i o n  e x c h a n g e  c a p a c i t y  t o  o b t a i n  a  n e t  o r  
e f f e c t i v e  CEC. The d i f f e r e n c e  b e tw e e n  n e t  CEC an d  e x c h a n g e a b le  b a s e s  
was a  r e l i a b l e  e s t i m a t e  o f  e x c h a n g e a b l e  A l ,  an d  t h e  p e r c e n t  b a s e  s a t ­
u r a t i o n  c a l c u l a t e d  i n  te r m s  o f  n e t  CEC g a v e  a  m ore r e a l i s t i c  e s t i m a t e  
o f  e f f e c t i v e  a c i d i t y .  They  r e p o r t e d  t h a t  when t h e  a n i o n  e x c h a n g e  
c a p a c i t y  i s  h i g h ,  t h e  r e s u l t a n t  n e t  CEC a n d  e x c h a n g e a b l e  c a t i o n s  
( i n c l u d i n g  A l )  w i l l  b e  c o r r e s p o n d i n g l y  lo w .  They  a l s o  s t a t e d  t h a t
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t h e  i n c r e a s e  i n  pH w i t h  d e p t h  i n  some s o i l s  i s  n o t  c o n s i d e r e d  t o  b e  
t h e  c a u s e  o f  t h e  d e c r e a s e  i n  e x c h a n g e a b le  A l ,  b u t  i s  i t s e l f  a f f e c t e d  
by  t h e  d e c r e a s e  i n  n e t  CEC.
Skeen  a n d  Sumner (1 9 6 7 a ,  1967b)  d e t e r m i n e d  e x c h a n g e a b le  an d  n o n ­
e x c h a n g e a b le  A l i n  O x i s o l s  by  s u c c e s s i v e  e x t r a c t i o n s  o f  t h e  s o i l  w i t h  
a  s a l t  s o l u t i o n .  I g u e  an d  F u e n t e s  (1972 )  o b t a i n e d  d e p e n d a b l e  r e s u l t s  
u s i n g  t h e  same m eth o d  on  v o l c a n i c  a s h  s o i l s  ( I n c e p t i s o l s ) . H ow ever, 
m ore  r e c e n t l y  Amedee and  P e e c h  (1 9 7 6 a )  h a v e  q u e s t i o n e d  t h e  s i g n i f i c a n c e  
o f  t h e  e x c h a n g e a b l e  Al m e a s u re d  b y  t h i s  a n d  o t h e r  p r o c e d u r e s  w h ic h  
u s e  s a l t s ,  s u c h  a s  N KCl, a s  e x t r a c t i n g  s o l u t i o n s .  They c i t e d  w o rk  by  
Dewan and  R ic h  (1 9 6 0 )  and  R ic h  (1 9 7 0 )  w h ic h  show ed t h a t  Al e x t r a c t e d  
b y  a  s a l t  s o l u t i o n  r e p r e s e n t s  b o t h  e x c h a n g e a b le  a n d  n o n e x c h a n g e a b le  
f o r m s .  A c c o r d in g  t o  Amedee a n d  P e e c h  ( 1 9 7 6 a ) ,  t h e  am ount o f  e x c h a n g e ­
a b l e  Al d e t e r m i n e d  b y  t h e  S k e e n  a n d  Sumner (1 9 6 7 a )  p r o c e d u r e  w i l l  v a r y  
i n  a c i d  t r o p i c a l  s o i l s  ( O x i s o l s  a n d  U l t i s o l s ) , d e p e n d in g  o n  t h e  pH o f  
t h e  e x t r a c t i n g  s o l u t i o n  an d  t h e  am ount o f  am o rp h o u s  A l ( 0 H) 3  i n  t h e  
s o i l .
A n o th e r  f r e q u e n t l y  u s e d  e x t r a c t i n g  s o l u t i o n  i s  N NH^OAc b u f f e r e d
a t  pH 4 . 8 .  Bhum bla and  McLean (1965)  fo u n d  t h a t  e x t r a c t i o n  w i t h  t h i s
s o l u t i o n  was m ore  e f f e c t i v e  t h a n  a  N KCl s o l u t i o n  i n  r e m o v in g  s o l u b l e  
A l ,  and  i n  e l i m i n a t i n g  d i f f e r e n c e s  i n  p H - d e p e n d e n t  a c i d i t y  b e tw e e n  
l im e d  and  u n l im e d  s o i l s .  T h i s  s o l u t i o n  i s  p o s t u l a t e d  t o  rem ove  e x ­
c h a n g e a b le  A l ,  f r e s h l y  p r e c i p i t a t e d  A1 ( 0 H )3 , h y d r o x y - A l  p o l y m e r s ,  a n d  
A l com plexed  b y  o r g a n i c  m a t t e r  (Colem an and  Thom as, 1967 ; McLean e t  a l . ,
1 965 ;  P io n k e  a n d  C o re y ,  1 967 ;  an d  P r a t t  and  B l a i r ,  1 9 6 1 ) .  A r a i  (1 9 7 5 )
c a l l e d  t h i s  c o m p o n e n t  a c t i v e  A l ,  a n d  d e f i n e d  i t  a s  t h e  Al h y d ro n iu m
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c o m p le x e s  c a p a b l e  o f  d o n a t i n g  p r o t o n s  b e lo w  pH 7 . 0 .  P io n k e  a n d  C o re y  
(1 9 6 7 )  r e p o r t e d  t h a t  t h i s  co m p o n en t  o f  s o i l  a c i d i t y  i s  n e u t r a l i z e d  
u p o n  l i m i n g  a n d  i s  o f t e n  r e f e r r e d  t o  a s  a c i d i c  A l .  T h i s  s o l u t i o n  h a s
a l s o  b e e n  r e p o r t e d  t o  b e  a  r e l i a b l e  e x t r a c t a n t  f o r  d e t e r m i n i n g  t h e
q u a n t i t y  o f  P h e l d  i n  t h e  s o i l  b y  Al com pounds  ( B a l l a r d  an d  F i s k e l l ,
1974 ;  an d  L o p e z -H e rn a n d e z  a n d  Burnham, 1 9 7 3 ) .
W e s t f a l l  e t  a l .  (1 9 7 5 )  d i s c u s s e d  t h e  e f f e c t s  o f  w e t t i n g  a n d  d r y ­
i n g  o n  A l i n  s t r o n g l y  a c i d  s o i l s .  They r e p o r t e d  t h a t  v a l u e s  o b t a i n e d  
f o r  KCl e x c h a n g e a b le  Al a n d  H f l u c t u a t e d  c y c l i c a l l y  w i t h  r e p e a t e d  
w e t t i n g  a n d  d r y i n g .  The f l u c t u a t i o n s  w e r e  a t t r i b u t e d  t o  A l h y d r o l y s i s ,  
w i t h  a d d i t i o n a l  i n f l u e n c e  f ro m  s o i l  a c i d i t y  b u f f e r i n g ,  h y d r o x y - A l  i n t e r ­
l a y e r  f o r m a t i o n ,  and  i n o r g a n i c  an d  o r g a n i c  m a t t e r  d i s s o l u t i o n .
I n  sum m ary, m o s t  i n v e s t i g a t o r s  a g r e e  t h a t  (1 )  Al i s  t h e  p r e ­
d o m in a n t  e x c h a n g e a b le  c a t i o n  i n  m i n e r a l  s o i l s  w i t h  a  pH o f  5 . 0  t o  5 . 5
o r  l o w e r ,  (2 )  e x c h a n g e a b le  Al a n d  h y d r o x y - A l  i n t e r l a y e r s  i n  p h y l l o ­
s i l i c a t e s  i s  t h e  s o u r c e  o f  much o f  t h e  e x t r a c t a b l e  a c i d i t y  i n  m o s t  
a c i d ,  m i n e r a l  s o i l s ,  (3 )  o c t a h e d r a l - A l  i n  p h y l l o s i l i c a t e s  i s  a  m a j o r  
s o u r c e  o f  e x c h a n g e a b le  a n d  p e r h a p s  h y d r o x y - i n t e r l a y e r e d  A l ,  a n d  (4 )  
a c i d i t y  d u e  t o  Al r e s u l t s  f ro m  h y d r o l y s i s  r e a c t i o n s .  D e t e r m i n a t i o n  o f  
e x c h a n g e a b le  A l by  c o n v e n t i o n a l  e x t r a c t i o n  p r o c e d u r e s  i s  c o m p l i c a t e d  
by  d i s s o l u t i o n  o f  n o n e x c h a n g e a b le  Al w h ic h  d e p e n d s  o n  pH , c o n c e n t r a t i o n  
and  n a t u r e  o f  e x t r a c t a n t ,  a n d  d u r a t i o n  o f  e x t r a c t i o n .  F r e q u e n t l y ,  CEC 
a n d  b a s e  s a t u r a t i o n  d e t e r m i n a t i o n s  a r e  m ade s i m u l t a n e o u s l y  w i t h  s o i l  
a c i d i t y  m e a s u r e m e n ts .  The d i f f e r e n c e  b e t w e e n  t h e  e x c h a n g e a b l e  a n d  
e x t r a c t a b l e  co m p o n e n ts  i s  u s u a l l y  te rm e d  n o n e x c h a n g e a b le  o r  p H - d e p e n d e n t  
an d  h a s  b e e n  shown t o  i n c r e a s e  a s  pH i n c r e a s e s .  A l s o ,  t h e  d i v i d i n g  l i n e
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b e tw e e n  t h e  e x c h a n g e a b le  and  n o n e x c h a n g e a b le  com ponen ts  i s  n o t  p r e c i s e ,  
and i s  e s t a b l i s h e d  on  t h e  b a s i s  o f  e x t r a c t i o n  m ethod e m p lo y e d .
The E f f e c t s  o f  Aluminum on  P l a n t  Growth
Aluminum t o x i c i t y . The f i r s t  e v i d e n c e  t h a t  Al was t o x i c  t o  
p l a n t s  w as r e p o r t e d  i n  t h e  e a r l y  1 9 0 0 ' s .  I n  1916 , M iyake  r e p o r t e d  
t h a t  s o l u t i o n  c o n c e n t r a t i o n s  o f  1 .2  ppm A l may b e  t o x i c  t o  some 
ag ro n o m ic  c r o p s .  S i n c e  t h e n  many i n v e s t i g a t o r s  h a v e  shown t h a t  Al 
t o x i c i t y  i s  an  i m p o r t a n t  g r o w t h - l i m i t i n g  f a c t o r .  P r a t t  (1 9 6 6 )  and  
Foy (1 9 7 4 )  p r e s e n t  e x t e n s i v e  r e v i e w s  o f  t h e  l i t e r a t u r e  c o n c e r n i n g  t h e  
r o l e  o f  Al i n  p l a n t  g r o w t h .
Aluminum t o x i c i t y  symptoms i n  p l a n t  t o p s  w e re  su m m arized  by  Foy 
(1974) a s  " .  . . r e s e m b l i n g  t h o s e  o f  P d e f i c i e n c y  ( o v e r a l l  s t u n t i n g ;  
s m a l l ,  a b n o r m a l ly  d a r k  g r e e n  l e a v e s ;  p u r p l i n g  o f  s te m s ,  l e a v e s ,  and 
v e i n s ;  a n d  y e l lo w in g  a n d  d e a t h  o f  l e a f  t i p s ) ,  o r  o f  Ca d e f i c i e n c y  
( c u p p in g  o r  r o l l i n g  o f  y o u n g  l e a v e s  an d  c o l l a p s e  o f  p l a n t  a p e x  o r  
p e t i o l e s ) . "  He d e s c r i b e d  A l - i n j u r e d  r o o t s  " .  . . a s  c h a r a c t e r ­
i s t i c a l l y  b e in g  s t u b b y  a n d  s p a t u l a t e  i n  a p p e a r a n c e ,  w i t h  b row n r o o t  
t i p s  a n d  many t h i c k ,  i n h i b i t e d  l a t e r a l  r o o t s ,  b u t  l a c k i n g  i n  f i n e  
b r a n c h i n g  o n e s . "
The s o l u b i l i t y  o f  A l and  t h e  s e v e r i t y  o f  i t s  t o x i c i t y  t o  p l a n t s  
a r e  a f f e c t e d  by s o i l  pH , t y p e  o f  p r e d o m i n a n t  c l a y  m i n e r a l ,  c o n c e n ­
t r a t i o n  o f  o t h e r  c a t i o n s ,  t o t a l  s a l t  c o n c e n t r a t i o n ,  an d  o r g a n i c  m a t t e r  
c o n t e n t  (F o y ,  1 9 7 4 ) .  I n  g e n e r a l ,  A l t o x i c i t y  d o e s  n o t  o c c u r  i n  s o i l s  
h a v in g  a  pH above 5 . 5 .  I t  c a n  become p a r t i c u l a r l y  s e v e r e  b e lo w  pH
5 . 0  w h e re  s o l u b i l i t y  i n c r e a s e s  s h a r p l y  a n d  m ore t h a n  h a l f  o f  t h e  
c a t i o n  e x c h a n g e  co m p lex  may be  o c c u p ie d  b y  Al (Evans an d  K a m p ra th ,
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1 9 7 0 ;  F o y ,  1 974 ;  an d  P r a t t ,  1 9 6 6 ) .  H ow ever ,  t h e  p o s s i b i l i t y  o f  Al 
t o x i c i t y  o c c u r r i n g  a b o v e  pH 5 . 5  c a n n o t  b e  d i s m i s s e d  ( B a r t l e t t  an d  
R i e g o ,  1 9 7 2 ;  an d  B l a c k ,  1 9 6 8 ) .  I n  f a c t ,  B l a c k  r e p o r t e d  t h a t  Al 
t o x i c i t y  may o c c u r  a t  a  h i g h  pH i n  n o n s a l i n e - s o d i c  s o i l s .
I t  i s  g e n e r a l l y  t h o u g h t  t h a t  t h e  A l^ +  f o rm  o f  Al i s  t h e  c a u s e  o f  
A l t o x i c i t y .  F o r  t h i s  r e a s o n ,  h y d r o x y - A l  i n t e r l a y e r  f o r m a t i o n  i n  
p h y l l o s i l i c a t e s  may b e  b e n e f i c i a l ,  b e c a u s e  p o t e n t i a l l y  t o x i c  A l  i s  
rem oved  f ro m  s o l u t i o n  and  f ro m  t h e  e x c h a n g e  c o m p le x  o f  t h e  s o i l .
H ow ever ,  Moore (1 9 7 4 )  c i t e s  K e r r i d g e  e t  a l .  (1 9 7 1 )  who r e p o r t e d  t h a t
3+ -w-a s  pH i n c r e a s e d  f ro m  4 . 0  t o  4 . 5  t h e  A l i o n  d e c r e a s e d  an d  t h e  A1(0H)
I I-
i o n  i n c r e a s e d ,  - t h e r e f o r e  t h e y  c o n c lu d e d  t h a t  t h e  Al(OH) fo rm  was 
r e s p o n s i b l e  f o r  t h e  a d v e r s e  e f f e c t s  o n  p l a n t  r o o t s .
E v a n s  a n d  K a m p ra th  (1 9 7 0 )  r e p o r t e d  t h a t  t h e  c o n c e n t r a t i o n  o f  
s o i l  s o l u t i o n  A l i n  m i n e r a l  s o i l s  w as r e l a t e d  t o  p e r c e n t  A l s a t u r a t i o n  
o f  t h e  e f f e c t i v e  CEC. H ow ever ,  i n  o r g a n i c  s o i l s  t h e  c o n c e n t r a t i o n  o f  
Al i n  t h e  s o i l  s o l u t i o n  w as m ore  r e l a t e d  t o  t h e  am oun t o f  e x c h a n g e a b l e  
Al t h a n  t o  p e r c e n t  A l s a t u r a t i o n .  They  a l s o  r e p o r t e d  t h a t  s o i l s  w i t h  
i n c r e a s i n g  o r g a n i c  m a t t e r  c o n t e n t  h a d  lo w e r  q u a n t i t i e s  o f  s o i l  
s o l u t i o n  A l a t  a  g i v e n  pH. T h i s  i n f l u e n c e  o f  o r g a n i c  m a t t e r  c o n t e n t  
on  t h e  a v a i l a b i l i t y  o f  A l w as r e f l e c t e d  i n  b e t t e r  p l a n t  g r o w th  on  
o r g a n i c  s o i l s  a t  c o n s i d e r a b l y  lo w e r  pH v a l u e s  t h a n  on  m i n e r a l  s o i l s .  I t  
i s  t h o u g h t  t h a t  o r g a n i c  m a t t e r  r e d u c e s  t h e  s o l u b i l i t y  o f  Al t h r o u g h  com­
p l e x  f o r m a t i o n  ( c h e l a t i o n ) . H e s s e  (1 9 7 2 )  r e p o r t e d  t h a t  humus r e t a i n s  
t r i v a l e n t  A l i o n s  w h ic h  a r e  n o t  l e a c h e d  by  n e u t r a l  s a l t  s o l u t i o n s .
H oy t  a n d  T u r n e r  (1 9 7 5 )  an d  Thomas (1 9 7 5 )  r e p o r t e d  t h a t  some b e n e f i t s  
o f  o r g a n i c  m a t t e r  a d d i t i o n  t o  s o i l s  may b e  a s s o c i a t e d  w i t h  r e m o v a l  o f  
Al an d  o t h e r  t o x i c  m e t a l s .  H ow ever ,  H oyt a n d  T u r n e r  fo u n d  t h e
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b e n e f i c i a l  e f f e c t s  t o  be t e m p o r a r y  ( a  few  m onths  u n d e r  g r e e n h o u s e  
c o n d i t i o n s )  b e c a u s e  t h e  o r g a n i c  c o m p le x in g  a g e n t s  a r e  l a r g e l y  w a t e r  
s o l u b l e .  They c o n c lu d e d  t h a t  a d d i t i o n  o f  o r g a n i c  m a t t e r  t o  s o i l s  w ou ld  
n o t  b e  a  s a t i s f a c t o r y  s u b s t i t u t e  f o r  l i m i n g .
Adams and  Lund (1967) s t a t e d  t h a t  t h e  pH a t  w h ic h  Al becom es 
s o l u b l e  i n  t o x i c  c o n c e n t r a t i o n s  v a r i e s  w i t h  s e v e r a l  s o i l  c h a r a c t e r ­
i s t i c s .  They s t u d i e d  t h r e e  s t r o n g l y  a c i d  s o i l s  w i t h  w id e  d i f f e r e n c e s  
i n  c h a r a c t e r i s t i c s ,  i n c l u d i n g  d i f f e r e n t  c l a y  m i n e r a l  c o m p o s i t i o n s  a n d  
c o n c l u d e d  t h a t  a l t h o u g h  Al s o l u b i l i t y  i s  p H - d e p e n d e n t ,  s o i l  pH i s  a  
p o o r  m e a s u re  o f  A l t o x i c i t y  p o t e n t i a l s  o r  s o i l  s o l u t i o n  c o n c e n t r a t i o n s  
o f  A l .  C l a r k  (1 9 6 6 )  and MacLeod an d  J a c k s o n  (1 9 6 7 )  fo u n d  no d i r e c t  
r e l a t i o n s h i p  b e tw e e n  pH an d  e i t h e r  e x c h a n g e a b le  o r  s o l u b l e  Al i n  P o d z o l  
s o i l s ,  a l t h o u g h  A l c o n c e n t r a t i o n  g e n e r a l l y  d e c r e a s e d  a s  s o i l  pH i n ­
c r e a s e d  .
A l th o u g h  t h e r e  i s  a  d i s t i n c t  r e l a t i o n s h i p  b e tw e e n  r o o t  g ro w th  and  
s o i l  pH, i t  h a s  b e e n  r e p o r t e d  t h a t  A l i s  t o x i c  a t  a  h i g h e r  pH a n d  a  
l o w e r  l e v e l  o f  e x c h a n g e a b le  A l i n  s o i l s  w i t h  p r e d o m i n a n t l y  k a o l i n i t l c  
c l a y  m i n e r a l s  t h a n  t h o s e  w i t h  p r e d o m i n a n t l y  v e r m i c u l i t i c  and  m o n t m o r i l -  
l o n i t i c  c l a y  m i n e r a l s  (Adams a n d  L und , 1 9 6 7 ) .  They  c o n c lu d e d  t h a t  
s o i l  pH, e x c h a n g e a b l e  A l ,  an d  d e g r e e  o f  A l s a t u r a t i o n  w e re  n o t  s a t i s ­
f a c t o r y  i n d i c a t o r s  o f  p o t e n t i a l  A l t o x i c i t y .  They  a l s o  fo u n d  no  s i n g l e  
c r i t i c a l  Al c o n c e n t r a t i o n  i n  d i s p l a c e d  s o i l  s o l u t i o n s  w h ic h  w o u ld  
i d e n t i f y  t o x i c i t y  l e v e l s .  H o w e v e r ,  p l a c i n g  s o i l  s o l u t i o n  Al o n  a  
m o l a r  a c t i v i t y  b a s i s  d i d  r e s u l t  i n  s i m i l a r  c r i t i c a l  v a l u e s  f o r  a l l
s o i l s .  C o t to n  r o o t  p e n e t r a t i o n  w as r e s t r i c t e d  a t  m o la r  a c t i v i t y  v a l u e s  
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a b o v e  1 .5  x  10 ( 0 . 0 4  ppm ). T hey  a t t r i b u t e d  t h e  l o w e r  t o x i c i t y  i n
t h e  s o i l  w i t h  p r e d o m i n a n t l y  v e r m i c u l i t i c  c l a y  t o  a  h i g h e r  s a l t
25
c o n c e n t r a t i o n  w h ic h  r e d u c e d  t h e  a c t i v i t y  c o e f f i c i e n t  o f  Al i n  t h e  
s o i l  s o l u t i o n .
R eev e  a n d  Sumner (1 9 7 0 a )  r e p o r t e d  e l i m i n a t i n g  Al t o x i c i t y  i n  
some N a t a l  O x i s o l s  b y  a d d i n g  gypsum (CaSO^*2 1 1 2 0 ) t o  t h e  s o i l .  The 
gypsum d i d  n o t  a f f e c t  t h e  s o i l  pH b u t  t h e  r e d u c t i o n  i n  t o x i c i t y  
symptoms w as  a t t r i b u t e d  t o  A l p o l y m e r i z a t i o n  in d u c e d  b y  t h e  a d d e d  
s u l f a t e .  H ow ever ,  R a g la n d  an d  C olem an  (1 9 5 9 )  r e p o r t e d  t h a t  i n c r e a s i n g  
t h e  s a l t  c o n t e n t  o f  a n  u n l i m e d ,  a c i d  s o i l  i n c r e a s e d  t h e  c o n c e n t r a t i o n  
o f  Al i n  t h e  s o i l  s o l u t i o n  a n d  m a r k e d ly  r e d u c e d  p l a n t  g r o w th .  T h e r e ­
f o r e ,  i t  a p p e a r s  t h a t  s a l t  t y p e  may a l s o  b e  a  f a c t o r  i n  A l t o x i c i t y  
m e c h a n is m s .
A b ru n a  e t  a l .  (1 9 7 4 )  fo u n d  t h a t  c o r n  y i e l d  was m ore  r e l a t e d  t o  
p e r c e n t  A l s a t u r a t i o n  t h a n  t o  s o i l  pH i n  O x i s o l s  an d  U l t i s o l s .
Y i e l d s  d e c r e a s e d  s h a r p l y  w i t h  i n c r e a s i n g  l e v e l s  o f  A l s a t u r a t i o n ,  
h o w e v e r  t h e  e f f e c t s  w e r e  n o t  a s  s e v e r e  o n  t h e  O x i s o l s .  T h e se  o b s e r ­
v a t i o n s  a r e  c o n s i s t e n t  w i t h  o t h e r  r e s u l t s  w h ic h  h a v e  shown t h a t  low  
pH i s  n o t  a s  h a r m f u l  t o  p l a n t s  g row n o n  h i g j i l y  w e a t h e r e d  s o i l s  i n  t h e  
t r o p i c s  a s  i n  l e s s  w e a t h e r e d  s o i l s  i n  t e m p e r a t e  r e g i o n s  (B r e n e s  an d  
P e a r s o n ,  1 9 7 3 ) .  B r e n e s  a n d  P e a r s o n  a l s o  r e p o r t e d  t h a t  t h e  l e v e l  o f  
Al i n  s o l u t i o n  a t  a  g i v e n  pH i s  c o n s i d e r a b l y  lo w e r  i n  h i g h l y  w e a t h e r e d  
s o i l s  o f  t h e  hum id  t r o p i c s  t h a n  i n  l e s s  w e a t h e r e d  s o i l s  o f  t h e  
t e m p e r a t e  r e g i o n s .  T h e r e  h a v e  b e e n  v a r i o u s  e x p l a n a t i o n s  f o r  t h e s e  
d i f f e r e n c e s  an d  i t  seem s p r o b a b l e  t h a t  a s  t h e  d e g r e e  o f  w e a t h e r i n g  
p r o c e e d s  b e y o n d  some p o i n t ,  A l t o x i c i t y  b eco m es  r e l a t i v e l y  l e s s  
i m p o r t a n t  ( P e a r s o n ,  1 9 7 5 ) .
L im in g  h a s  b e e n  shown t o  e f f e c t i v e l y  r e d u c e  Al t o x i c i t y  a n d  i n ­
c r e a s e  c r o p  y i e l d s  ( A b r u n a - R o d r lg u e z  e t  a l . ,  1 970 ;  a n d  M a r t i n i  e t
a l . ,  1 9 7 4 ) .  A d j u s t i n g  t h e  pH o f  a  s o i l  t o  n e a r  n e u t r a l i t y  b y  l i m i n g  
h a s  l o n g  b e e n  a  s u c c e s s f u l  p r a c t i c e  on  t h e  m a t u r e  s o i l s  o f  t h e  c o r n  
b e l t  ( M o l l i s o l s  a n d  A l f i s o l s ) . H ow ever , M a r t i n i  e t  a l .  (1 9 7 4 )  fo u n d  
t h i s  n o t  t o  b e  t h e  c a s e  w i t h  t h e  h i g h l y  w e a t h e r e d  s o i l s  o f  t h e  
t e m p e r a t e  r e g i o n s  o f  t h e  U n i t e d  S t a t e s  an d  t h e  h o t ,  hum id  t r o p i c s  
( U l t i s o l s  an d  O x i s o l s ) .  S i n c e  1 9 7 0 ,  much r e s e a r c h  h a s  d e m o n s t r a t e d  
t h a t  l im e  a p p l i c a t i o n s  f o r  m any h i g h l y  w e a t h e r e d  s o i l s  s h o u ld  b e  b a s e d  
on  t h e  i n a c t i v a t i o n  o f  e x c h a n g e a b l e  Al e x t r a c t e d  w i t h  a  n e u t r a l ,  
u n b u f f e r e d  s a l t ,  i n s t e a d  o f  l i m i n g  t o  a  s t a n d a r d ,  p r e d e t e r m i n e d  pH 
( A b r u n a - R o d r ig u e z  e t  a l . ,  1 9 7 0 ;  B a k e r ,  1970 ; H o y t  and  L y b o rg ,  1971 ;  
K a m p ra th ,  1 9 7 2 ;  MacLean e t  a l .  1 972 ;  and  R eev e  a n d  Sum ner, 1 9 7 0 b ) .  
H ow ever ,  Amedee a n d  Peech  ( 1 9 7 6 a ,  1976b) h a v e  r e c e n t l y  s u g g e s t e d  t h a t  
t h i s  m ethod  o f  d e t e r m i n i n g  l im e  r e q u i r e m e n t  f o r  hum id  t r o p i c a l  s o i l s  
i s  a l s o  i n a d e q u a t e .
P e a r s o n  (1 9 7 5 )  s u g g e s t e d  t h a t  i n c o n s i s t e n c i e s  i n  l i m i n g  t r i a l s  
i n  t h e  t r o p i c s  may b e  a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  s o i l  p r o p e r t i e s  
commonly u s e d  f o r  r a t i o n a l i z i n g  p l a n t  b e h a v i o r ,  n a m e ly  s o i l  pH an d  
e x c h a n g e a b le  c a t i o n s ,  do n o t  a d e q u a t e l y  d e f i n e  t h e  s o i l - r o o t  e n v i r o n ­
m e n t .  He a l s o  r e p o r t e d  t h a t  some i n c o n s i s t e n c i e s  i n  l i mi n g  e x p e r i m e n t s  
h a v e  r e f l e c t e d  g e n e t i c  d i f f e r e n c e s  i n  s o i l  a c i d i t y  t o l e r a n c e  among c r o p s .  
I n  g e n e r a l ,  i t  seem s t h a t  s o i l  pH c h a n g e s  i n d u c e d  b y  l i m i n g  t e n d  t o  
b e  m ore t r a n s i e n t  i n  t r o p i c a l  s o i l s  t h a n  i n  t h o s e  o f  t h e  t e m p e r a t e  
r e g i o n s .
C a te  and  S u k h a i  (1964) o f f e r  a n  i n t e r e s t i n g  e x p l a n a t i o n  f o r  t h e  
l a c k  o f  r e s p o n s e  o f  r i c e  t o  l i m i n g  on  s t r o n g l y  a c i d  s o i l s .  They  n o t e d  
t h a t  u n d e r  f l o o d e d  ( r e d u c e d )  c o n d i t i o n s  e x c h a n g e a b le  A l was r e p l a c e d  
b y  f e r r o u s  i r o n  and  AltO H )^ w a s  fo rm e d ,  t h u s  Al w as e f f e c t i v e l y  rem oved
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from  t h e  s o i l  s o l u t i o n .  Ponnamperuma (1 9 7 2 )  a l s o  r e p o r t e d  a v o id i n g  
Al t o x i c i t y  i n  r i c e  by  f l o o d i n g  t h e  s o i l .
Aluminum t o x i c i t y  i s  p a r t i c u l a r l y  s e r i o u s  i n  s t r o n g l y  a c i d  su b ­
s o i l s  w h ic h  a r e  n o t  e a s i l y  l im e d ,  and i s  i n t e n s i f i e d  by h e a v y  u se  o f  
a c i d - f o r m i n g  f e r t i l i z e r s  (A b ru n a -R o d r ig u e z  e t  a l . ,  1970; Adams and 
Lund, 1 9 6 7 ;  K am pra th ,  1972 ; and  P e a r s o n ,  1 9 7 5 ) .  P e a r s o n  (1 9 7 5 )  
r e p o r t e d  t h a t  o n e  p o s s i b l e  m ethod  f o r  im p r o v in g  c ro p  r o o t i n g  d e p th  
i n  s t r o n g l y  a c i d  s u b s o i l s  i s  t o  u s e  b a s i c  N f e r t i l i z e r  w i t h  a n  a c id  
t o l e r a n t ,  h i g h  N - r e q u i r i n g  c r o p .
Foy (1974 )  d e s c r i b e d  some s i t u a t i o n s  i n  w h ic h  l i m i n g  may n o t  be  
an  a d e q u a t e  s o l u t i o n  t o  t h e  p ro b le m  o f  Al t o x i c i t y .  T hey  a r e  a s  
f o l l o w s :  ( 1 ) a c i d  s u b s u r f a c e  s o i l s  *rt*ich a t  t h i s  t im e  a r e  g e n e r a l l y
n o t  f e a s i b l e  t o  l im e ,  (2 )  s u r f a c e  s o i l s  w h ic h  m u s t  be k e p t  b e lo w  pH 
5 . 5 .  F o r  e x a m p le ,  i n  a  p o t a t o  — b a r l e y  c r o p  r o t a t i o n  t h i s  low pH i s  
n e c e s s a r y  t o  c o n t r o l  p o t a t o  s c a b  d i s e a s e ,  a n d  (3 )  a c id  m in e  s p o i l s  
w h ic h  may p r o d u c e  pH l e v e l s  a s  low a s  2 .5  t o  3 . 0  and a r e  o f t e n  n o t  
f e a s i b l e  t o  l im e  t o  pH above  5 . 5 .  Under t h e s e  c o n d i t i o n s  c r o p s  
w hich  c a n  t o l e r a t e  m ore  A l ,  e f f i c i e n t l y  e x t r a c t  P from A l a n d  Fe 
compounds, and  u t i l i z e  Ca and  P m ore e f f e c t i v e l y  i n  t h e  p r e s e n c e  o f  
Al a r e  n e e d e d .
A b ru n a -R o d r ig u e z  e t  a l .  (1970) r e p o r t e d  t h a t  low c r o p  y i e l d s  on 
U l t i s o l s  a n d  O x i s o l s  a p p e a r e d  t o  be  c l o s e l y  r e l a t e d  t o  s o i l  c h a r a c t e r ­
i s t i c s  s u c h  a s  h i g h  Al an d  Mn c o n c e n t r a t i o n s ,  low pH, a n d  a  low e x ­
c h a n g e a b le  b a s e  s t a t u s .  B la c k  (1968) p o i n t e d  o u t  t h a t  A l  and  Mn 
behave  s i m i l a r l y  i n  a c i d  s o i l s  and l i t t l e  a t t e n t i o n  h a s  b e e n  g iv e n  to  
d i s t i n g u i s h i n g  b e tw e e n  t h e i r  e f f e c t s  on  p l a n t  g ro w th .  He a l s o  r e p o r t e d  
t h a t  Al t o x i c i t y  symptoms a r e  n o t  a s  w e l l  e s t a b l i s h e d  a s  Mn t o x i c i t y
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sym ptom s. H o w ev er ,  a c c o r d i n g  t o  B l a c k ,  i t  a p p e a r s  t h a t  when Al an d  Mn 
a r e  a t  h i g h  l e v e l s  i n  a c i d  s o i l s ,  Al t o x i c i t y  i s  p r o b a b l y  t h e  more 
s e v e r e  p r o b le m .
Foy (1 9 7 4 )  c i t e d  r e c e n t  e v id e n c e  i n d i c a t i n g  t h a t  b r o n z i n g ,  a n  
i m p o r t a n t  d i s e a s e  o f  r i c e  a t t r i b u t e d  b y  some i n v e s t i g a t o r s  t o  Fe 
t o x i c i t y ,  i s  a c t u a l l y  c a u s e d  m a in ly  b y  e x c e s s  Al i n  s o i l s .  H ow ever ,  
a l t h o u g h  t h e y  d i d  n o t  c o n s i d e r  A l ,  S e d b e r r y  e t  a l .  ( 1 9 7 1 )  r e p o r t e d  
t h a t  b r o n z i n g  o f  r i c e  i n  L o u i s i a n a  w as d u e  t o  Zn d e f i c i e n c y .
I n  sum m ary , a lum inum  t o x i c i t y  h a s  b e e n  shown: ( 1 )  t o  be  a n
i m p o r t a n t  g r o w t h - l i m i t i n g  f a c t o r  i n  p l a n t s ,  ( 2 ) n o t  t o  o c c u r  i n  s o i l s  
h a v i n g  a  pH a b o v e  5 .5  b u t  may become p a r t i c u l a r l y  s e v e r e  b e lo w  pH 5 . 0 ,
(3 )  t o  b e  a f f e c t e d  by  t y p e  o f  p r e d o m i n a n t  c l a y  m i n e r a l ,  c o n c e n ­
t r a t i o n  o f  o t h e r  c a t i o n s ,  t o t a l  s a l t  c o n c e n t r a t i o n  a n d  t y p e ,  and
3+o r g a n i c  m a t t e r  c o n t e n t ,  ( 4 )  t o  g e n e r a l l y  b e  c a u se d  b y  t h e  A l “̂  fo rm  
o f  A l ,  t h u s  h y d r o x y - A l  f o r m a t i o n  c a n  b e  c o n s i d e r e d  b e n e f i c i a l  t o  p l a n t  
g ro w th .  Some o f  t h e  m e th o d s  u s e d  f o r  d e t e r m i n i n g  A l t o x i c i t y  l e v e l s  
i n c l u d e  s o i l  pH, e x c h a n g e a b l e  A l ,  A l s a t u r a t i o n ,  an d  t h e  m o la r  
a c t i v i t y  o f  s o i l  s o l u t i o n  A l .  L im ing  h a s  b e e n  shown t o  e f f e c t i v e l y  
r e d u c e  Al t o x i c i t y  and i n c r e a s e  c ro p  y i e l d s .  I t  h a s  a l s o  b e e n  shown 
t h a t  l im e  a p p l i c a t i o n s  f o r  many h i g h l y  w e a t h e r e d  s o i l s  s h o u ld  b e  b a s e d  
o n  t h e  i n a c t i v a t i o n  o f  e x c h a n g e a b l e  A l ,  r a t h e r  t h a n  l i m i n g  to  a 
s t a n d a r d  pH l e v e l .  The l e v e l  o f  Al i n  s o i l  s o l u t i o n  a t  a  g iv e n  pH 
h a s  b e e n  f o u n d  t o  be  c o n s i d e r a b l y  lo w e r  i n  O x i s o l s  t h a n  U l t i s o l s  an d  
i t  a p p e a r s  t h a t  Al t o x i c i t y  may become l e s s  i m p o r t a n t  a s  w e a t h e r i n g  
p r o c e e d s  b e y o n d  some p o i n t .  I n  g e n e r a l ,  t h e  pH c h a n g e s  i n d u c e d  by 
l i m i n g  t e n d  t o  b e  more t r a n s i e n t  i n  t r o p i c a l  s o i l s  t h a n  i n  s o i l s  o f  
t h e  t e m p e r a t e  r e g i o n s .
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N u t r i e n t  u p t a k e  a n d  u t i l i z a t i o n . The i n t e r a c t i o n  b e tw e e n  A l a n d  
some p l a n t  n u t r i e n t s  i s  e s p e c i a l l y  i m p o r t a n t  i n  s o i l  f e r t i l i t y  an d  
m a n a g e m e n t .  W h i le  t h e  m o s t  commonly d i s c u s s e d  i n t e r a c t i o n  c o n c e r n s  t h e  
A l - p h o s p h a t e  r e l a t i o n s h i p ,  Al h a s  a l s o  b e e n  shown t o  h a v e  a n  i n f l u e n c e  
on  t h e  a v a i l a b i l i t y  o f  B, C a , C l ,  Cu, F e ,  K, Mg, Mn, Mo, NH4 ,
SO4 , S r ,  a n d  Zn (C o lem an  an d  T hom as, 1 967 ;  E v a n s  and  K a m p ra th ,  1 9 7 0 ;  
J a c k s o n ,  1963 ; Sims a n d  B ingham , 1 9 6 8 a ,  19 6 8 b ;  a n d  S o i l e a u  e t . a l . ,
1 9 6 9 ) .
E x t e n s i v e  d i s c u s s i o n s  o f  p h o s p h a t e - s o i l  i n t e r a c t i o n  c a n  b e  fo u n d  
i n  r e v i e w s  b y  B la c k  (1 9 6 8 )  a n d  S e a t z  a n d  S t a n b e r r y  ( 1 9 6 3 ) .  Many 
i n v e s t i g a t o r s  ( L in d s a y  e t  a l . ,  1 9 6 2 ;  L i n d s a y  a n d  M oreno , 1960 ; and  
L i n d s a y  an d  S t e p h e s o n ,  1959) h a v e  shown t h a t  t h e  f o r m a t i o n  o f  A l -  
p h o s p h a t e s  c a n  b e  a  m a j o r  f a c t o r  i n  t h e  f i x a t i o n  o f  s o i l  P .  Such 
f i x a t i o n  i s  g e n e r a l l y  c o n s i d e r e d  u n d e s i r a b l e  f ro m  a  s o i l  f e r t i l i t y  
a n d  s o i l  m anagem en t s t a n d p o i n t .  H o w ev er ,  o v e r  l o n g  t im e  p e r i o d s  i t  
c a n  a c t u a l l y  s e r v e  t o  c o n s e r v e  P ,  a n d  t h e r e f o r e  b e  b e n e f i c i a l  ( T r u o g ,  
1 9 1 6 ) .
T he s o l u b i l i t y - p r o d u c t  p r i n c i p l e  i s  commonly u s e d  t o  p r e d i c t  
t h e  c o n c e n t r a t i o n  o f  A l a n d  p h o s p h a t e  i o n s  i n  s o l u t i o n .  T h i s  p r i n c i p l e  
i s  b a s e d  on  t h e  p r e m i s e  t h a t  A l a n d  p h o s p h a t e  i o n s  i n t e r a c t  c h e m i c a l l y  
t o  f o rm  a  s p a r i n g l y  s o l u b l e  s a l t  ( B l a c k ,  1 9 6 8 ) .  The s o l u b i l i t y -  
p r o d u c t  p r i n c i p l e  d e m o n s t r a t e s  t h a t  p l a n t s  may b e  a f f e c t e d  by  a  h i g h  
c o n c e n t r a t i o n  o f  Al a n d  a  low  c o n c e n t r a t i o n  o f  P o r  v i c e  v e r s a .  I t  
a p p l i e s  o v e r  a  w id e  r a n g e  o f  s o i l  pH l e v e l s  b u t  i s  m o s t  s i g n i f i c a n t  
t o  Al t o x i c i t y  c o n s i d e r a t i o n s  a t  pH v a l u e s  b e lo w  a b o u t  5 . 5 .  H o w ev er ,  
p r e c i s e  l i m i t s  c a n  n o t  b e  s p e c i f i e d  r e g a r d i n g  pH b e c a u s e  o f  i n s u f f i c i e n t  
i n f o r m a t i o n  a n d  b e c a u s e  d i f f e r e n t  p l a n t  s p e c i e s  a r e  n o t  e q u a l l y
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s e n s i t i v e  t o  Al t o x i c i t y  and  P d e f i c i e n c y  (Foy  an d  Brown, 1 9 6 4 ) .  The 
t o l e r a n c e  o f  c e r t a i n  p l a n t  s p e c i e s  i s  c l o s e l y  a s s o c i a t e d  w i t h  t h e i r  
a b i l i t y  t o  a b s o r b  a n d  u t i l i z e  P i n  t h e  p r e s e n c e  o f  e x c e s s  A l (Andrew 
a n d  V a n d e n B e rg ,  1 9 7 3 ;  M cCormick a n d  B o rd e n ,  1 972 ;  1974 ; an d  MeDappa 
a n d  D a n a ,  1 9 6 8 ) .
The e f f e c t  o f  pH on  Al and  F e - p h o s p h a t e s  an d  a s s o c i a t e d  h y d r o u s  
o x i d e s  o f  Al an d  F e  i s  n o t  w e l l  u n d e r s t o o d .  H ow ever, t h e  f o l l o w i n g  
e q u a t i o n  d e m o n s t r a t e s  t h e  p H -d e p e n d e n c y  o f  t h e  A l - p h o s p h a t e  r e a c t i o n  
( B l a c k ,  1 9 6 8 ) .
_ 3 -
A1P04  +  30H ^  A1(0H ) 3  +  PO4
A d d i t i o n a l  r e a c t i o n s  a r e  p r e s e n t e d  b y  B l a n c h a r  a n d  S c r i v n e r  (1 9 7 2 )  
an d  Buckman an d  B ra d y  ( 1 9 6 9 ) .  The p r e c i p i t a t e  fo rm ed  i s  g e n e r a l l y  
t h o u g h t  t o  h a v e  t h e  c o m p o s i t i o n  o f  v a r i s c i t e  Q Al (OH) ]  o r
a n  am o rp h o u s  A l - p h o s p h a t e  compound w h ic h  u s u a l l y  fo rm s  f i r s t ,  and  i s  a  
m ore  r e a d i l y  a v a i l a b l e  s o u r c e  o f  P t o  p l a n t s  (C olem an e t  a l . ,  1960 ;
H su ,  1 9 6 5 ;  Ju o  a n d  E l l i s ,  1 9 6 8 ;  an d  S e a t z  an d  S t a n b e r r y ,  1 9 6 3 ) .  
F e r t i l i z e r s  c o n t a i n i n g  m o n o c a lc iu m  p h o s p h a t e  C*-a (H2 P0 4 ) 2 3  way 
r e s u l t  i n  pH v a l u e s  a s  low  a s  1 . 5  i n  t h e  s o i l  a s  i t  d e c o m p o s e s ,  t h e r e ­
f o r e  t h i s  s o l u t i o n  may d i s s o l v e  s u b s t a n t i a l  q u a n t i t i e s  o f  A l ,  C a , F e ,  
an d  Mn f ro m  s o i l  p a r t i c l e s .  As t h e  pH r i s e s ,  t h e s e  i o n s  may r e a c t  
w i t h  s o l u b l e  P t o  fo rm  p r e c i p i t a t e s  (Buckman an d  B ra d y ,  1 9 6 9 ) .
F oy  and  Brown ( 1 9 6 4 ) ,  K a m p ra th  an d  Foy ( 1 9 7 1 ) ,  and  S y e r s  e t  a l .  
(1 9 7 1 )  p r e s e n t e d  e v i d e n c e  o f  a  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  b e tw e e n  
t h e  a m o u n ts  o f  P a n d  e x c h a n g e a b l e  Al h e l d  i n  t h e  s o i l .  H ow ever ,
B a l l a r d  a n d  F i s k e l l  (1974 )  a n d  L o p e z -H e rn a n d e z  an d  Burnham (1 9 7 3 )  r e ­
p o r t e d  t h a t  a  N NH^OAc s o l u t i o n  a d j u s t e d  t o  pH 4 . 8  was a  m ore  r e l i a b l e  
e x t r a c t a n t  o f  A l  f o r  p r e d i c t i n g  P r e t e n t i o n  t h a n  t h e  K C l - e x c h a n g e a b le
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Al m e a s u r e m e n t .  B a l l a r d  and  F i s k e l l  (1 9 7 4 )  a t t r i b u t e d  t h i s  t o  t h e  
s m a l l  q u a n t i t i e s  o f  e x c h a n g e a b l e  A l i n  s o i l s  w i t h  a  pH g r e a t e r  t h a n
5 . 0  b u t  w h ic h  f r e q u e n t l y  c o n t a i n e d  l a r g e  a m o u n ts  o f  am o rp h o u s  A l .  The 
NH^OAc e x t r a c t a n t  a p p a r e n t l y  rem oved  Al f ro m  t h e  s o i l  i n  p r o p o r t i o n  t o  
t h e  q u a n t i t y  o f  a c t i v e  fo rm s  ( i n c l u d i n g  a m o rp h o u s  A l)  p r e s e n t ,  w h e r e a s  
t h e  KCl s o l u t i o n  d i d  n o t .
The d e t r i m e n t a l  e f f e c t s  o f  h i g h  Al an d  low  P a r e  o f t e n  d i f f i c u l t  
t o  s e p a r a t e  i n  a c i d  s o i l s .  B la c k  (1 9 6 8 )  c o n c lu d e d  11. . . t h a t  t h e  
i n c r e a s e  i n  p l a n t  y i e l d  r e s u l t i n g  f ro m  a p p l i c a t i o n  o f  P t o  a  s o i l  may 
r e s u l t  f ro m  t h e  e x t r a  s u p p ly  o f  P w i t h o u t  A l t o x i c i t y ,  i f  t h e  s o i l  h a s  
a  h i g h  pH. I f  t h e  s o i l  h a s  a  low  pH, t h e  y i e l d  i n c r e a s e  may r e s u l t  
f ro m ;  (1 )  a n  i n c r e a s e  i n  t h e  s u p p l y  o f  P w i t h o u t  e f f e c t  o f  A l t o x i c i t y  
i f  t h e  p l a n t  s p e c i e s  i s  s u f f i c i e n t l y  t o l e r a n t  t o  A l ,  (2 )  a  d e c r e a s e  i n  
Al t o x i c i t y  i f  t h e  p l a n t  s p e c i e s  i s  s e n s i t i v e  t o  Al t o x i c i t y  a n d  i f  t h e  
s o i l  i s  n o t  t o o  low i n  P ,  o r  (3 )  a n  i n c r e a s e  i n  P s u p p ly  a n d  a  d e c r e a s e  
i n  A l i f  t h e  s o i l  i s  low  i n  P and  t h e  p l a n t  i s  s e n s i t i v e  t o  A l . "
T h e r e  a r e  many o t h e r  A l - i o n  i n t e r a c t i o n s  w h ic h  o c c u r  i n  s o i l s .
F o r  e x a m p le ,  b o t h  e x c h a n g e a b l e  an d  h y d r o x y - i n t e r l a y e r e d  A l may d e c r e a s e  
NH^ an d  K f i x a t i o n  i n  s o i l s  b y  e f f e c t i v e l y  o c c u p y in g  h e x a g o n a l  o x y g en  
r i n g s  i n  t h e  i n t e r l a y e r  p o s i t i o n  o f  e x p a n d i n g - l a t t i c e  c l a y s ,  a n d  t h e r e ­
by  p r e v e n t i n g  e x c h a n g e  an d  s u b s e q u e n t  f i x a t i o n  (R ic h  an d  O b e n s h a in ,
1 9 5 5 ) .  The h y d r o x y - A l  i n t e r l a y e r s  t e n d  t o  " p r o p - o p e n "  t h e  i n t e r l a y e r  
p o s i t i o n  an d  i n  t h i s  m an n e r  p r e v e n t  t h e  c o l l a p s e  o f  t h e  m i n e r a l  w h ic h  i s  
r e q u i r e d  f o r  NH4  a n d  K f i x a t i o n  ( W h i te ,  1 9 6 2 ) .  B oth  o f  t h e s e  phenom ena 
a r e  i n  a c c o r d  w i t h  t h e  o b s e r v a t i o n  t h a t  K - f i x a t i o n  i s  i n c r e a s e d  by 
l i m i n g  ( B a r t l e t t  an d  M c I n to s h ,  1 9 6 9 ;  an d  McLean an d  S im on, 1 9 5 8 ) .  As 
t h e  pH i s  r a i s e d ,  t h e  CEC i s  i n c r e a s e d ,  an d  t h e  p e r c e n t  s a t u r a t i o n
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o f  t h e  e x c h a n g e  c o m p le x  w i t h  K i s  d e c r e a s e d ,  t h e r e f o r e  t h e  a v a i l a b i l i t y  
o f  K i s  d e c r e a s e d  ( B a r t l e t t  an d  M c I n to s h ,  1 9 6 9 ) .
S o m a s i r i  a n d  Huang (1 9 7 4 )  showed t h a t  A l-K  r e p l a c e m e n t  v a r i e s  w i t h  
c l a y  m i n e r a l  t y p e .  They r e p o r t e d  t h a t  t h e  h i g h e r  c h a r g e d  h y d r o x y -A l  
i o n s  a r e  m ore  c o m p e t i t i v e  t h a n  K f o r  e x c h a n g e  s i t e s  i n  m o n t m o r i l l o n i t e  
b e c a u s e  o f  t h e  m i n e r a l ' s  u n r e s t r i c t e d  z - a x i s  e x p a n s i b i l i t y  w h ich  f a v o r s  
d i f f u s i o n  i n t o  t h e  i n t e r l a y e r  s p a c e .  H o w ev er ,  i n  t h e  c a s e  o f  v e r m i -  
c u l i t e ,  t h e  l i m i t e d  e x p a n s i b i l i t y ,  t h e  p r e s e n c e  o f  wedge z o n e s ,  t h e  
c h a r g e  an d  s i z e  o f  t h e  h y d r o x y - A l  i o n s ,  a n d  t h e  p r e s e n c e  o f  s t r o n g l y  
c o m p e t in g  K i o n s  g r e a t l y  h i n d e r  A l a d s o r p t i o n .  Thomas (1 9 7 4 )  r e p o r t e d  
t h a t  K i s  an  e x c e p t i o n a l l y  e f f e c t i v e  r e p l a c e r  o f  Al i n  t h e  s o i l ,  a n d  
b e c a u s e  o f  t h i s ,  t h e  a d d i t i o n  o f  K f e r t i l i z e r  c a n  h a v e  l e t h a l  e f f e c t s  
on  p l a n t s  i n  a n  a c i d  s o i l .
K ozak  an d  Huang (1 9 7 1 )  s u g g e s t e d  t h a t  i n  a d d i t i o n  t o  t h e  
" p r o p p i n g - o p e n  e f f e c t , "  h y d r o x y - A l  i n t e r l a y e r s  may a f f e c t  t h e  K/Ca 
c a t i o n  e x c h a n g e  s e l e c t i v i t y  t h r o u g h  t h e  f o l l o w i n g  m e c h a n is m s ;
(1 )  t h e  " p r e f e r e n t i a l  o c c u p a t i o n "  o f  Ca a d s o r b i n g  s i t e s ,  a n d / o r
(2 )  t h e  " r e t a r d i n g  e f f e c t "  on  t h e  e n t r y  o f  t h e  m ore  h y d r a t e d  Ca i o n s .  
K am pra th  and  Foy  (1 9 7 1 )  r e p o r t e d  t h a t  p e r h a p s  t h e  s i n g l e  m o s t  i m p o r t a n t  
f a c t o r  a f f e c t i n g  t h e  a v a i l a b i l i t y  o f  Ca i n  a c i d  s o i l s  i s  t h e  l e v e l  o f  
e x c h a n g e a b l e  o r  s o l u b l e  Al i n  r e l a t i o n  t o  t h a t  o f  Ca.
The d e c r e a s e  i n  Mg c o n t e n t  o f  p l a n t  m a t e r i a l  and  o n  s o i l  c a t i o n  
e x c h a n g e  s i t e s  i s  r e l a t e d  t o  i n c r e a s e d  Al l e v e l s  (F o y ,  1 9 7 4 ;  K a m p ra th ,  
1970 ;  an d  T u l l o c k  an d  R o th ,  1 9 7 5 ) .  Colem an an d  Thomas ( 1 9 6 7 ) ,  and  
T i s d a l e  a n d  N e l s o n  (1971 )  r e p o r t e d  t h a t  C l  an d  SO^ i o n s  a r e  h e l d  i n  
q u a n t i t y  o n l y  b y  s o i l s  w h ic h  h a v e  l a r g e  a m o u n ts  o f  A l  a n d  Fe  o x i d e s .
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Sims a n d  B ingham  ( 1 9 6 8 a , 1968b) i n d i c a t e d  t h a t  h y d r o x y - A l  and  Fe 
m a t e r i a l s  a r e  r e s p o n s i b l e  f o r  B f i x a t i o n  when a c i d  s o i l s  a r e  l i m e d .  
They a l s o  f o u n d  t h a t  B r e t e n t i o n  w as  p H - d e p e n d e n t ,  w i t h  maximum 
f i x a t i o n  w i t h  a lum inum  o c c u r r i n g  i n  t h e  a l k a l i n e  r a n g e .  F i n a l l y ,  
K i n n i b u r g h  e t  a l .  ( 1 9 7 5 )  r e p o r t e d  t h a t  f r e s h l y  p r e p a r e d  A l and  Fe 
h y d r o u s  o x i d e  g e l s  s e l e c t i v e l y  a d s o r b e d  t r a c e s  o f  Ca a n d  S r  f rom  
s o l u t i o n s .
I n  sum m ary ,  t h e  i n t e r a c t i o n  b e t w e e n  Al and  some p l a n t  n u t r i e n t s  
h a s  b e e n  show n  t o  b e  i m p o r t a n t  i n  s o i l  f e r t i l i t y  a n d  m an a g e m e n t .  T h e  
m ost  com m only  d i s c u s s e d  i n t e r a c t i o n  c o n c e r n s  t h e  A l - p h o s p h a t e  r e ­
l a t i o n s h i p .  T h i s  i n t e r a c t i o n  h a s  b e e n  shown t o  b e  b o t h  b e n e f i c i a l  a n d  
u n d e s i r a b l e  f ro m  t h e  s o i l  m anagem ent s t a n d p o i n t .  B o th  t h e  N NH^OAc, 
pH 4 . 8  e x t r a c t a b l e  A l  a n d  t h e  KCl e x c h a n g e a b l e  A l h a v e  b e e n  shown 
t o  b e  r e l i a b l e  e s t i m a t e s  o f  P r e t e n t i o n .  O th e r  A l - i o n  r e l a t i o n s h i p s  
commonly d i s c u s s e d  i n v o l v e  NH^ a n d  K f i x a t i o n  i n  s o i l s ,  w h ic h  h a v e  
b e e n  show n  t o  b e  p r e v e n t e d  b y  h y d r o x y - A l  i n t e r  l a y e r s .
MATERIALS AND METHODS
Many o f  t h e  a n a l y s e s  u s e d  i n  t h i s  i n v e s t i g a t i o n  a r e  t h o s e  
commonly u s e d  i n  s o i l  c h a r a c t e r i z a t i o n  s t u d i e s .  S i n c e  t h e s e  a r e  
w i d e l y  a c c e p t e d  an d  e x t e n s i v e l y  u s e d ,  a  d e t a i l e d  p r o c e d u r a l  d e s c r i p t i o n  
i s  n o t  i n c l u d e d .  Any d e v i a t i o n s  f ro m  t h e  m e th o d s  r e f e r e n c e d  a r e  d e ­
s c r i b e d  i n  d e t a i l .  A l l  a n a l y s e s  e x c e p t  s o i l  s u s p e n s i o n  pH w e r e  p e r ­
fo rm e d  on d u p l i c a t e  s a m p le s .
S o i l  S a m p l in g  a n d  P r e p a r a t i o n  
Tw enty  s o i l s  f ro m  t h e  s i x  m a j o r  m i n e r a l  s o i l  a r e a s  i n  L o u i s i a n a  
■were s a m p le d .  The s a m p l in g  o b j e c t i v e  was t o  s e l e c t  s o i l s  w h i c h  w ou ld  
r e p r e s e n t  t h e  e n t i r e  r a n g e  i n  A l  an d  a c i d i t y ,  a n d  a l s o  t o  d e p i c t  a s  l a r g e  
a  p a r t  o f  t h e i r  r e s p e c t i v e  s o i l  a r e a  a s  p o s s i b l e .  T h i s  n e c e s s i t a t e d  
t h e  s e l e c t i o n  o f  s o i l s  w i t h  n o ,  o r  v e r y  low  l e v e l s  o f  a c i d i t y  a n d  some 
fo rm s  o f  A l .  The s o i l s  s a m p le d  i n c l u d e d  A l f i s o l s ,  E n t i s o l s ,  I n c e p t i -  
s o l s ,  M o l l i s o l s ,  an d  U l t i s o l s .  The s o i l  s e r i e s ,  i d e n t i f i c a t i o n  n um ber ,  
c l a s s i f i c a t i o n ,  a n d  s a m p l in g  l o c a t i o n  o f  e a c h  s o i l  s t u d i e d  a r e  p r e ­
s e n t e d  i n  T a b l e  1 . F i g u r e  1 show s t h e  20 s a m p l i n g  l o c a t i o n s  a n d  
t h e  m a jo r  m i n e r a l  s o i l  a r e a  i n  w h ic h  t h e y  o c c u r .  T h i s  map l e g e n d  i s  
m o d i f i e d  s l i g h t l y  f ro m  t h e  o n e  p r e s e n t e d  b y  L y t l e  ( 1 9 6 8 ) .  T he  m o d i f i ­
c a t i o n  c o n s i s t s  o f  r e c o g n i z i n g  t h a t  s o i l s  i n  t h e  O u a c h i t a  R i v e r  a r e a  
a r e  d i f f e r e n t  f ro m  t h o s e  i n  t h e  Red R i v e r  A l l u v i a l  a r e a .  T h e  d a t a  
p r e s e n t e d  i n  t h i s  s t u d y  w i l l  s u p p o r t  t h i s .
At e a c h  s a m p l i n g  s i t e  t h e  i n d i v i d u a l  s o i l  h o r i z o n s  w e r e  sa m p le d  
t o  a  d e p t h  o f  a t  l e a s t  100 cm. B u lk  s a m p le s  f o r  l a b o r a t o r y  a n a l y s e s  




T a b l e  1 .  The s o i l  n u m b er , s e r i e s ,  i d e n t i f i c a t i o n  n um ber ,  c l a s s i f i ­
c a t i o n ,  an d  s a m p l in g  l o c a t i o n  o f  t h e  s o i l  s a m p le s  u s e d  i n  t h e  
i n v e s t i g a t i o n .
S o i l  S o i l  s e r i e s  and 
num ber  i d e n t i f i c a t i o n  no. C l a s s i f i c a t i o n
S a m p l in g
l o c a t i o n
( p a r i s h )
A c a d ia
S73L A -1-1
f i n e ,  m o n t . , t h e r m i c  
f a m i l y  o f  A e r i e  O c h r a q u a l f s
A l l i g a t o r  V e r y - f i n e ,  m o n t . ,  n o n a c i d ,
S64LA -54-6  t h e r m i c  f a m i l y  o f  V e r t i c
H a p l a q u e p t s
B e a u r e g a r d  F i n e - s i l t y ,  s i l i c e o u s ,  t h e r m i c
S72LA -6-7  f a m i l y  o f  P l i n t h a q u i c
P a l e u d u l t s
A c a d ia
T e n s a s






B o s w e l l  F i n e ,  m ix e d ,  t h e r m i c
S70LA -41-3  f a m i l y  o f  V e r t i c  P a l e u d u l t s  Red R i v e r
Caddo F i n e - s i l t y ,  s i l i c e o u s ,  t h e r m i c  B e a u r e g a r d
S72L A -6-6  f a m i l y  o f  T y p ic  G l o s s a q u a l f s
C a lh o u n  F i n e - s i l t y ,  m ix e d ,  t h e r m i c
S5 f a m i l y  o f  T y p ic  G l o s s a q u a l f s
Commerce F i n e - s i l t y ,  m ix e d ,  n o n a c i d ,
S63LA -54-1  t h e r m i c  f a m i l y  o f  A e r i e
F l u v a q u e n t s




H e b e r t
S64LA -37-9
J f e a n e r e t t e
S74L A -55-1
L o r i n g  
S62LA -1 7 -4 8
F i n e ,  m o n t , ,  t h e r m i c  
f a m i l y  o f  T y p ic  A l b a q u a l f s
F i n e - s i l t y ,  m ix e d ,  t h e r m i c  
f a m i l y  o f  A e r i e  O c h r a q u a l f s
F i n e - s i l t y ,  m ix e d ,  t h e r m i c  
f a m i l y  o f  A e r i e  O c h r a q u a l f s
F i n e - s i l t y ,  m ix e d ,  t h e r m i c  
f a m i l y  o f  T y p ic  A r g i a q u o l l s
F i n e - s i l t y ,  m ix e d ,  t h e r m i c  
f a m i l y  o f  T y p ic  F r a g i u d a l f s
E a s t
B a to n  Rouge
T e n s a s
A c a d ia
T e n s a s
O u a c h i t a
L a f a y e t t e
E a s t
B a to n  Rouge
13 M o re la n d
S74LA -79-1
F i n e ,  m ix e d ,  t h e r m i c  
f a m i l y  o f  V e r t i c  H a p l u d o l l s R a p i d e s
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Table l. (Continued)
S o i l
num ber
S o i l  s e r i e s  and  
i d e n t i f i c a t i o n  n o . C l a s s i f i c a t i o n
Sam pling
l o c a t i o n
( p a r i s h )
14 Mowata
S73LA -1-2
F i n e - s i l t y ,  m ixed  , t h e r m ic  
f a m i l y  o f  T y p ic  G l o s s a q u a l f s A cad ia
15 M y a t t
S69LA -52-4
C o a r s e - lo a m y ,  s i l i c e o u s ,  t h e r m ic  
f a m i l y  o f  T y p ic  O c h r a q u l t s S t .  Tammany
16 O l i v i e r
S61LA -17-16
F i n e - s i l t y ,  m ix e d ,  t h e r m ic  
f a m i l y  o f  A q u ic  F r a g i u d a l f s
E a s t
B a to n  Rouge
17 R u s to n
S67LA -37-2
F i n e - l o a m y ,  s i l i c e o u s ,  t h e r m ic  
f a m i l y  o f  T y p ic  P a l e u d a l f s O u a c h i ta
18 S e v e rn
S67LA -40-1
C o a r s e - s i l t y ,  m ix ed  ( c a l c a r e o u s )  
t h e r m i c  f a m i l y  o f  T y p ic  
U d i f l u v e n t s R a p id e s
19 S h a rk e y
S64LA-54-7
V e r y - f i n e ,  m o n t . , n o n a c i d ,  
t h e r m i c  f a m i l y  o f  V e r t i c  
H a p l a q u e p t s T e n sa s
2 0 S to u g h  
S69LA -52-1
C o a r s e - lo a m y ,  s i l i c e o u s ,  t h e r m ic  
f a m i ly  o f  F r a g i a q u i c  P a l e u d u l t s S t .  Tammany
Figure Sampling location for the soils included in the study.
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t r a n s p o r t  t o  t h e  l a b o r a t o r y .  A s e c o n d  s e t  o f  d u p l i c a t e  s a m p le s  was 
c o l l e c t e d  t o  d e t e r m i n e  e q u i l i b r i u m  c o n c e n t r a t i o n s  o f  A l ,  Ca, H,
K , Mg, N a , a n d  S i .  T h e s e  s a m p l e s  w e r e  c o l l e c t e d  u s i n g  a  c l e a n  
p o l y e t h y l e n e  s c o o p  an d  w e r e  i m m e d i a t e l y  p l a c e d  i n  5 0 0 m l  p o l y e t h y l e n e  
b o t t l e s  c o n t a i n i n g  a p p r o x i m a t e l y  300 m l o f  g l a s s  d i s t i l l e d  w a t e r ,  
r e s u l t i n g  i n  r o u g h l y  a  1 : 1 0  s o i l : w a t e r  r a t i o .  The b o t t l e s  h a d  p r e ­
v i o u s l y  b e e n  r i n s e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  a n d  g l a s s  d i s t i l l e d  
w a t e r .  The e q u i l i b r a t i o n  s a m p l e s  w e r e  c o v e r e d ,  b u t  n o t  s e a l e d ,  a n d  
a l l o w e d  t o  r e m a i n  f o r  a p p r o x i m a t e l y  o n e  y e a r  a t  room  t e m p e r a t u r e  a n d  
p r e s s u r e  b e f o r e  a n a l y s i s .  D u r i n g  s t o r a g e ,  t h e y  w e r e  s h a k e n  b y  h a n d  
s e v e r a l  t im e s  a  w eek  a n d ,  o c c a s s i o n a l l y , f o u r  d r o p s  o f  t o u l e n e  w e r e  
a d d e d  t o  r e t a r d  m i c r o b i a l  a c t i v i t y .
The b u l k  s a m p le s  w e re  a i r - d r i e d  i n  t h e  l a b o r a t o r y  a t  room t e m p e r a ­
t u r e  a n d  h u m i d i t y .  T hey  w e r e  t h e n  g r o u n d  u s i n g  a  w a t e r - f i l l e d ,  g l a s s  
r e a g e n t  b o t t l e  a s  a  p e s t l e  a n d  s i e v e d  t h r o u g h  a  t e n - m e s h  s i e v e .  T he  
c o a r s e  f r a g m e n t s  w e re  d i s c a r d e d ,  an d  t h e  f r a c t i o n  p a s s i n g  t h r o u g h  t h e  
s i e v e  was m ix e d  w e l l  an d  s t o r e d  f o r  a n a l y s i s .
Particle size distribution analyses were performed by the 
pipette and sieve method described by Kilmer and Alexander (1949 )  
with one slight modification. After digestion of organic matter 
in the sample, the dissolved mineral matter was removed by repeated 
decantation rather than by means of the Fasteur-Chamberlain filter 
as outlined by the authors. The samples were dispersed with
Particle Size Analysis
0 . 1  N so d iu m  h e x a m e t a p h o s p h a t e  
c a r r i e d  o u t  a t  2 2  C.
and sedimentations were
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The p a r t i c l e  s i z e  d a t a  f o r  t h e  A l l i g a t o r ,  C a lh o u n ,  Commerce,
D undee, L o r i n g ,  R u s to n ,  a n d  S h a rk ey  s o i l s  w e re  o b t a i n e d  f ro m  t h e  s o i l  
s u r v e y  r e p o r t s  o f  t h e  p a r i s h e s  w here  t h e  s o i l s  w ere  sa m p le d  (T a b le  1 ) .  
The d a t a  f o r  t h e s e  s e v e n  s o i l s  a r e  f ro m  sa m p le s  t a k e n  f ro m  t h e  same 
s i t e s  sam p led  f o r  t h i s  i n v e s t i g a t i o n .  The p a r t i c l e  s i z e  d a t a  f o r  t h e  
A l l i g a t o r ,  Commerce, D undee , and S h a rk e y  s o i l s  w ere  t a k e n  from  t h e  
T e n s a s  P a r i s h  s o i l  s u r v e y  r e p o r t  (Weems e t  a l . ,  1 9 6 8 ) .  The d a t a  f o r  
t h e  C a lh o u n  an d  L o r in g  s o i l s  w ere  t a k e n  f ro m  t h e  E a s t  B a to n  Rouge 
P a r i s h  s o i l  s u r v e y  r e p o r t  (Dana e t  a l . ,  1 9 6 8 ) ,  and  t h a t  f o r  t h e  
R u s to n  s o i l  was t a k e n  f ro m  t h e  O u a c h i t a  P a r i s h  s o i l  s u r v e y  r e p o r t  
(Mathews e t  a l . ,  1 9 7 4 ) .  The p a r t i c l e  s i z e  d a t a  f o r  t h e  A l l i g a t o r ,  
S h a r k e y ,  C a lh o u n ,  L o r in g ,  an d  R u s to n  s o i l s  w ere  d e t e r m i n e d  by th e  
S o i l s  L a b o r a t o r y  o f  t h e  L o u i s i a n a  A g r i c u l t u r a l  E x p e r im e n t  S t a t i o n  
u s i n g  a  m o d i f i c a t i o n  o f  t h e  Bouyoucos h y d r o m e te r  m e th o d .  The d a t a  
f o r  t h e  Commerce and  Dundee s o i l s  w e re  o b t a i n e d  by t h e  SCS S o i l  S u rv e y  
L a b o r a t o r y  u s i n g  t h e  p i p e t t e  and  s i e v e  m ethod  d e s c r i b e d  b y  K ilm er  and  
A le x a n d e r  ( 1 9 4 9 ) .
C hem ica l  A n a ly s e s  
S o i l  s u s p e n s i o n  pH. T h re e  s o i l  s u s p e n s i o n  pH v a l u e s  w ere  m e a s u r e d .  
They w ere  d e te r m in e d  i n  1 : 1  s o i l - w a t e r  s u s p e n s i o n  (pH^,), i n  1 :1  s o i l -  
n o rm a l  p o t a s s i u m  c h l o r i d e  (N KCl) s u s p e n s i o n  ( p % )  > a n d  i n  1 :1  s o i l - 0 . 0 1  
m o la r  c a l c iu m  c h l o r i d e  (0 .01M  CaCl2 ) s u s p e n s i o n  (pHga ) . F o r  e ach  
m e a s u re m e n t ,  2 0  grams o f  a i r - d r i e d  s o i l  an d  2 0  ml o f  s o l u t i o n  w ere  
m ixed  and a l l o w e d  t o  r e m a in  a t  room t e m p e r a t u r e  f o r  30 m in u te s  b e f o r e  
t h e  pH was m e a s u r e d .  A C o rn in g  Model 12 pH m e te r  was u s e d  f o r  
m e a s u r in g  pH.
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S o i l  o r g a n i c  c a r b o n . S o i l  o r g a n i c  c a r b o n  was d e t e r m i n e d  by  t h e  
W a l k l e y - B l a c k  w e t  o x i d a t i o n  m e th o d  u s i n g  1 ,  1 0 - p h e n a n t h r o l i n e  
m o n o h y d r a t e  a s  a n  i n d i c a t o r  d u r i n g  t h e  t i t r a t i o n .  The p r o c e d u r e  i s  
d e s c r i b e d  i n  S o i l  S u r v e y  L a b o r a t o r y  M e th o d s  an d  P r o c e d u r e s  f o r  
C o l l e c t i n g  S o i l  S a m p le s  ( 1 9 7 2 ) .  O r g a n ic  m a t t e r  w as a p p r o x i m a t e d  by  
m u l t i p l y i n g  t h e  a m o u n t  o f  o r g a n i c  c a r b o n  b y  1 .7 2 4  ( A l l i s o n ,  1 9 6 5 ) .
E x c h a n g e a b l e  b a s e s . The e x c h a n g e a b l e  b a s e s  (C a , Mg, K., a n d  Na) 
w e r e  e x t r a c t e d  b y  l e a c h i n g  w i t h  n e u t r a l ,  n o r m a l  NH^OAc a s  d e s c r i b e d  
i n  S o i l  S u rv e y  L a b o r a t o r y  M e thods  an d  P r o c e d u r e s  f o r  C o l l e c t i n g  S o i l  
S a m p le s  ( 1 9 7 2 ) .  S o l u t i o n  c o n c e n t r a t i o n s  o f  t h e  c a t i o n s  i n  t h e  l e a c h ­
a t e  w e r e  m e a s u r e d  u s i n g  a n  a to m ic  a b s o r p t i o n  s p e c t r o p h o t o m e t e r .
E x c h a n g e a b l e  a c i d i t y . E x c h a n g e a b le  a c i d i t y  an d  e x c h a n g e a b l e  Al 
(E x A l)  w e re  d e t e r m i n e d  u s i n g  a n  u n b u f f e r e d  s a l t  s o l u t i o n  (N KC1) a s  
d e s c r i b e d  i n  S o i l  S u r v e y  L a b o r a t o r y  M e th o d s  a n d  P r o c e d u r e s  f o r  
C o l l e c t i n g  S o i l  S a m p le s  ( 1 9 7 2 ) .  E x c h a n g e a b l e  a c i d i t y  w as o b t a i n e d  by  
l e a c h i n g  10 g o f  s o i l  w i t h  100 m l o f  N KCl a n d  t i t r a t i n g  t h e  KC1 l e a c h ­
a t e  t o  t h e  p h e n o t h a l e i n  e n d p o i n t  w i t h  0 . 1  N NaOH. P o t a s s i u m  f l u o r i d e  
was t h e n  a d d e d  t o  t h e  t i t r a t e d  s o l u t i o n  t o  c o n v e r t  A l t o  t h e  s t a b l e  
f l u o r o a l u m i n a t e  i o n .  NaOH was p r o d u c e d  w hen  t h e  f l u o r a l u m i n a t e  was 
f o r m e d .  The a m o u n t  o f  Al w as t h e n  d e t e r m i n e d  by  t i t r a t i n g  t h e  NaOH 
fo rm e d  w i t h  0 . 1  N H2 SO4 . The d i f f e r e n c e  b e tw e e n  e x c h a n g e a b l e  a c i d i t y  
an d  ExAl was c o n s i d e r e d  t o  b e  e x c h a n g e a b l e  H.
E x t r a c t a b l e  a c i d i t y . Two m e th o d s  d e s c r i b e d  b y  P e e c h  (1 9 6 5 )  w e re  
e m p lo y e d  t o  d e t e r m i n e  e x t r a c t a b l e  a c i d i t y .  The f i r s t  w as  by d i r e c t  
t i t r a t i o n  o f  a  s o i l  l e a c h a t e  o b t a i n e d  b y  l e a c h i n g  w i t h  b a r i u m  c h l o r i d e  
t r i e t h a n o l a m i n e  b u f f e r e d  a t  pH 8 . 0  (B a C l 2 “TEA a c i d i t y ) .  The s e c o n d
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w as c a l c u l a t e d  by  s u b t r a c t i n g  t h e  sum o f  e x c h a n g e a b l e  b a s e s  f r o m  t h e  
NH4 OAC a c i d i t y  a n d  w as r e f e r r e d  t o  a s  ammonium a c e t a t e  a c i d i t y  (NH^OAc 
a c i d i t y ) .
C a t i o n  e x c h a n g e  c a p a c i t y . T h r e e  m e th o d s  w e r e  em p loyed  t o  d e t e r ­
m in e  CEC. One w as b y  d i r e c t  d i s t i l l a t i o n  o f  a d s o r b e d  ammonia (NH4 OAC 
CEC) a s  d e s c r i b e d  i n  S o i l  S u r v e y  L a b o r a t o r y  M e th o d s  and P r o c e d u r e s  
f o r  C o l l e c t i n g  S o i l  Sam ples  (1 9 7 2 )  . The s u m m a tio n  m ethod w as u s e d  t o  
e s t i m a t e  t h e  o t h e r  two CEC v a l u e s .  The "sum o f  c a t i o n s "  CEC 
(B a C ^ -T E A  CEC) w a s  o b t a i n e d  b y  sum n ing  t h e  e x c h a n g e a b l e  b a s e s  and  
" e x t r a c t a b l e "  a c i d i t y  (B a C ^ -T E A  a c i d i t y )  a s  d e s c r i b e d  b y  Chapman 
(1 9 6 5 )  . The " e f f e c t i v e "  CEC a p p r o x i m a t e s  t h e  CEC a t  t h e  pH o f  t h e  
s o i l ,  an d  was o b t a i n e d  by summing t h e  e x c h a n g e a b l e  b a s e s  m e a s u r e d  i n  
t h e  n e u t r a l ,  N NH^OAc l e a c h a t e  a n d  N KCl e x c h a n g e a b l e  a c i d i t y  (A l and H) . 
T h i s  i s  a  m o d i f i c a t i o n  o f  t h e  m e th o d  p r o p o s e d  b y  Coleman e t  a l .  ( 1 9 5 9 ) .  
T hey  summed N KCl e x c h a n g e a b le  C a ,  Mg, K, a n d  N KCl e x c h a n g e a b l e  a c i d i t y  
t o  o b t a i n  w h a t  t h e y  te rm e d  " e f f e c t i v e "  CEC.
E x t r a c t a b l e  a lu m in u m . E x t r a c t a b l e  Al ( E x tA l )  was o b t a i n e d  by 
l e a c h i n g  t h e  s o i l s  w i t h  N NH^OAc b u f f e r e d  a t  pH 4 . 8  a s  d e s c r i b e d  by 
M cLean (1965) . The c o n c e n t r a t i o n s  o f  Al i n  t h e  l e a c h a t e s  w e r e  
m e a s u r e d  u s i n g  a n  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r .
S e q u e n t i a l l y  e x t r a c t e d  a lu m in u m . S e q u e n t i a l l y  e x t r a c t e d  A l was 
d e t e r m i n e d  a s  d e s c r i b e d  by  S k e e n  a n d  Sumner ( 1 9 6 7 a )  u s i n g  e i g h t  
s u c c e s s i v e  e x t r a c t i o n s  i n  a  c e n t r i f u g e  t u b e  w i t h  0 .2  N ammonium 
c h l o r i d e  ( 0 . 2  H N H ^ C l) ,  pH 4 . 0 .  I n  t h i s  m e th o d  a  3 g s a m p le  o f  s o i l  
w as  s h a k e n  w i t h  30  m l o f  e x t r a c t i n g  s o l u t i o n  f o r  e x a c t l y  two m in u t e s  
a n d  t h e n  c e n t r i f u g e d .  The c l e a r  s u p e r n a t a n t  w a s  t h e n  d e c a n t e d  and  
a n a l y z e d  f o r  A l  b y  t h e  a lu m in o n  m ethod  d e s c r i b e d  b y  R u f f  a n d  Ho (1965) .
S o l u t i o n  e q u i l i b r i a . A f t e r  a p p r o x i m a t e l y  a  o n e  y e a r  e q u i l i ­
b r a t i o n  p e r i o d ,  c o n c e n t r a t i o n s  o f  Ca, Mg, K ., an d  Na i n  s o l u t i o n  w e re  
d e t e r m i n e d  b y  a to m ic  a b s o r p t i o n  s p e c t r o p h o t o m e t r y .  F o r  t h o s e  s a m p le s  
h a v i n g  a  c l e a r  s u p e r n a t a n t ,  t h e  i o n s  w e re  m e a s u r e d  d i r e c t l y  f ro m  t h e  
p o l y e t h y l e n e  b o t t l e s .  F o r  s a m p le s  i n  w h ic h  t h e  s u p e r n a t a n t  was n o t  
c l e a r ,  a n  a l i q u o t  was p o u r e d  i n t o  a  n a l g e n e  c e n t r i f u g e  t u b e  a n d  c e n t r i ­
f u g e d  a t  1 5 ,0 0 0  RFM f o r  15 m i n u t e s .  The r e s u l t i n g  c l e a r  s u p e r n a t a n t  
was t h e n  t r a n s f e r r e d  i n t o  a  c l e a n  p o l y e t h y l e n e  s t o r a g e  b o t t l e  an d  
a n a l y z e d .  S i l i c a  i n  s o l u t i o n  was d e t e r m i n e d  c o l o r i m e t r i c a l l y  u s i n g  
t h e  m eth o d  d e s c r i b e d  by  S t r i c k l a n d  a n d  P a r s o n s  ( 1 9 6 5 ) .  Aluminum i n  
s o l u t i o n  w as d e t e r m i n e d  by  t h e  a lu m in o n  m e th o d  d e s c r i b e d  b y  R u f f  and  
Ho ( 1 9 6 5 ) .  Tw enty  m i l l i l i t e r  a l i q u o t s  w e r e  u s e d  f o r  pH m e a s u re m e n ts  
w h ic h  w e r e  made u s i n g  a  C o r n i n g  Model 12 pH m e t e r .
S o i l  t e s t  a n a l y s e s . C h e m ic a l  a n a l y s e s  o f  t h e  s a m p le s  w e re  c o n ­
d u c t e d  b y  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  S o i l  T e s t i n g  L a b o r a t o r y  an d  
a r e  p r e s e n t e d  i n  A p p e n d ix  4 .  The l a b o r a t o r y  m e th o d s  a r e  d e s c r i b e d  
b y  B r u p b a c h e r  e t  a l .  ( 1 9 6 8 ) .  The e x t r a c t a b l e  Ca, Mg, K, a n d  Na w e re  
n o t  d e t e r m i n e d  b y  t h e  m e th o d  d e s c r i b e d  i n  t h e  p u b l i c a t i o n  c i t e d .
I n s t e a d ,  t h e  m eth o d  now e m p lo y e d  i n  t h e  l a b o r a t o r y  w as  u s e d .  T h i s  
m e th o d  i n v o l v e s  s h a k i n g  a  1 : 1 0  s o i l - n e u t r a l ,  n o rm a l  ammonium a c e t a t e  
(N NH^OAc) e x t r a c t a n t  f o r  15 m i n u t e s  b e f o r e  f i l t e r i n g .  A f t e r  f i l t e r i n g ,  
t h e  c o n c e n t r a t i o n s  o f  t h e  c a t i o n s  i n  t h e  f i l t r a t e  a r e  t h e n  d e t e r m i n e d  
b y  a to m ic  a b s o r p t i o n  s p e c t r o p h o t o m e t r y .
S t a t i s t i c a l  A n a l y s e s
S t a t i s t i c a l  a n a l y s e s  w e re  c o n d u c te d  b y  t h e  D e p a r tm e n t  o f  E x p e r i ­
m e n t a l  S t a t i s t i c s .  S im p le  c o r r e l a t i o n s  a n d  s i m p l e  a n d  m u l t i p l e
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r e g r e s s i o n s  w e re  u s e d  i n  t h e  a n a l y s i s  o f  some o f  t h e  r e l a t i o n s h i p s  
i n  t h e  s t u d y .
F o r  g e n e r a l  c o m p a r i s o n s  an d  f o r  s t a t i s t i c a l  a n a l y s e s ,  t h e  s o i l s  
w e re  c a t e g o r i z e d  i n t o  t h r e e  m in e r a l o g y  g r o u p s ,  d e p e n d in g  on  th e  p r e ­
d o m in a n t  p h y l l o s i l i c a t e  m i n e r a l  i n  t h e  c l a y  f r a c t i o n .  The t h r e e  
m in e r a lo g y  g r o u p s  w e re :
(1 )  The m o n t m o r i l l o n i t i c  g ro u p  w h ic h  c o n t a i n e d  p r e d o m i n a n t ly  e x ­
p a n d in g -  l a t t i c e  m i n e r a l s  w i t h  l e s s e r  am oun ts  o f  i n t e r s t r a t i f i e d ,  m ic a ­
c e o u s ,  an d  k a o l i n i t i c  c l a y s .  The A c a d ia ,  A l l i g a t o r ,  Commerce, C row ley , 
D undee, J e a n e r e t t e ,  Mowata, an d  S h a rk e y  s o i l s  c o m p r is e d  t h i s  g r o u p .
(2 )  The m ixed  m i n e r a l  g ro u p  w h ic h  c o n t a i n e d  e x p a n d i n g - l a t t i c e ,  
i n t e r s t r a t i f i e d ,  m ic a c e o u s ,  an d  k a o l i n i t i c  c l a y s  w i t h  no one  c l a y  
t y p e  p r e d o m i n a t i n g .  The s o i l s  i n  t h i s  g ro u p  w e re  B o s w e l l ,  C a lh o u n ,  
H e b e r t ,  L o r i n g ,  M o re la n d ,  O l i v i e r ,  an d  S e v e r n .
(3 )  The k a o l i n i t i c  g ro u p  c o n t a i n e d  p r e d o m i n a n t ly  1 :1  l a y e r -  
l a t t i c e  m i n e r a l s  w i t h  l e s s e r  am oun ts  o f  i n t e r s t r a t i f i e d  a n d  m ic a c e o u s  
c l a y s ,  an d  p o s s i b l y  some e x p a n d i n g - l a t t i c e  m i n e r a l s .  The B e a u r e g a r d ,  
Caddo, M y a t t ,  R u s t o n ,  and  S to u g h  s o i l s  w e re  i n c l u d e d  i n  t h i s  g r o u p .
S o i l s  c l a s s i f i e d  i n  t h e  f i n e  an d  v e r y - f i n e  t e x t u r e  f a m i l i e s  a r e  
p l a c e d  i n  m i n e r a l o g y  c l a s s e s  d e te r m in e d  by t h e  d o m in a n t  k i n d s  o f  c l a y  
m i n e r a l s  p r e s e n t .  T h u s ,  t h e  f a m i l y  c l a s s i f i c a t i o n  (T a b le  1) p r o v id e d  
a  b a s i s  f o r  g r o u p in g  t h e  A c a d ia ,  A l l i g a t o r ,  B o s w e l l ,  C ro w ley ,  More­
l a n d ,  and  S h a r k e y  s o i l s  i n  t h e  m in e r a l o g y  g r o u p s .  The f a m i l y  
m in e r a l o g y  c l a s s e s  o f  s o i l s  i n  t h e  f i n e - s i l t y ,  f i n e - l o a m y ,  c o a r s e -
s i l t y ,  and  c o a r s e - l o a m y  t e x t u r e  f a m i l i e s  w e re  b a s e d  on  n o n c l a y  f r a c t i o n  
m in e r a l o g y .  The c l a y  m in e r a l o g y  g ro u p  o f  t h e  B e a u r e g a r d ,  Caddo,
44
C a lh o u n ,  Commerce, D undee , J e a n e r e t t e ,  L o r i n g ,  O l i v i e r ,  and R u s t o n ,  
was d e te r m in e d  on  t h e  b a s i s  o f  u n p u b l i s h e d  x - r a y  d i f f r a c t o g r a m s  and  
c l a y  m in e r a l o g y  d a t a  p u b l i s h e d  i n  s o i l  s u r v e y  r e p o r t s  o f  t h e  p a r i s h  
w h e re  t h e  s o i l s  w e re  s a m p le d .  The c l a y  m i n e r a l  f r a c t i o n s  i n  t h e  
S e v e rn  and  H e b e r t  s o i l s  w e re  assum ed  t o  b e  s i m i l a r  t o  c l a y e y  s o i l s  o f  
c o m p a ra b le  a g e  t h a t  d e v e lo p e d  i n  p a r e n t  m a t e r i a l s  f ro m  th e  same 
g e n e r a l  s o u r c e .  The M y a t t  an d  S to u g h  s o i l s  w ere  assum ed  t o  h a v e  p r e ­
d o m in a n t ly  k a o l i n i t i c  c l a y s  o n  t h e  b a s i s  o f  t h e i r  p h y s i c a l  and  
c h e m ic a l  p r o p e r t i e s .  S o i l  c l a y  m in e r a l o g y  c h a r a c t e r i z a t i o n s  w e re  
p l a n n e d  and  i n i t i a t e d  on t h e s e  and  o t h e r  s o i l s  i n  t h e  s t u d y .  H ow ever, 
t h e y  w e re  n o t  c o m p le te d  s i n c e  l i m i t e d  t im e  was a v a i l a b l e  f o r  u s e  o f  
x - r a y  d i f f r a c t i o n  e q u ip m e n t  i n  o t h e r  l a b o r a t o r i e s .
RESULTS AND DISCUSSION
T h i s  s t u d y  was i n i t i a t e d  t o  s u r v e y  t h e  Al s t a t u s  o f  some m i n e r a l  
s o i l s  i n  L o u i s i a n a .  One o b j e c t i v e  o f  t h e  s t u d y  w as  t o  s e l e c t  s o i l s  
w h ic h  w o u ld  a p p r o x i m a t e  t h e  e n t i r e  r a n g e  i n  t h e  q u a n t i t i e s  o f  A l  t h a t  
m ig h t  b e  e x p e c t e d  b y  t h e  d i f f e r e n t  a n a l y s e s  e m p lo y e d .  C o n s e q u e n t l y ,  
some s o i l s  w e r e  i n c l u d e d  i n  w h ic h  no  A l ,  o r  o n l y  m i n u t e  q u a n t i t i e s  o f  
Al w e re  m e a s u r e d  b y  some m e t h o d s .  T he  Commerce, J e a n e r e t t e ,  M o re la n d ,  
S e v e r n ,  an d  S h a r k e y  w e r e  s u c h  s o i l s .  They w e re  i n c l u d e d  e v e n  th o u g h  
t h e  p r e s e n c e  o f  f r e e  c a r b o n a t e s  o r  p r e d o m i n a n t l y  m o n t m o r i l l o n i t i c  c l a y  
m i n e r a l  s u i t e s  w i t h  h i g h  pH v a l u e s  (pH^, ^ 6 . 0  t h r o u g h o u t )  an d  h i g h  b a s e  
s t a t u s  i n d i c a t e d  t h a t ,  by  some m e t h o d s ,  t h e y  w o u ld  l i k e l y  h a v e  l i t t l e  
o r  no Al o r  s o i l  a c i d i t y .  H ow ever ,  s t u d i e s  by  o t h e r s  ( C l a r k ,  1 9 6 7 ;  
K a m p ra th ,  1 9 7 2 ;  M i l l e r ,  1972)  h a v e  shown t h a t  a p p r e c i a b l e  q u a n t i t i e s  
o f  some f o rm s  o f  e x t r a c t a b l e  a c i d i t y  o r  Al may b e  p r e s e n t  i n  some s o i l s  
w i t h  s i m i l a r  c h a r a c t e r i s t i c s .  The f o l l o w i n g  o u t l i n e  o f  A l - h y d r o l y s i s  
r e a c t i o n s  i l l u s t r a t e  a d d i t i o n a l  r e a s o n s  f o r  i n c l u d i n g  t h e s e  s o i l s  i n  
a  s t u d y  o f  t h i s  n a t u r e .
The m a j o r  A l - h y d r o l y s i s  r e a c t i o n s  an d  t h e  pH r a n g e  o v e r  w h ic h  th e y  
o c c u r  i n  s o i l s  may b e  shown a s  f o l l o w s ;
R e a c t i o n pH r a n g e
3+  ^  +2 +
(1 )  A l +  H20  ^  Al(OH) +  H
(2 )  A l(OH ) + 2  +  H20 ^  Al (0H ) 2  +  H+
(3 )  A1(0H ) 2  +  H20 ^  A1(0H ) 3  +  H+
(4 )  A1(0H ) 3  +  0H~ ^  A 1(0H )4
4 . 6 - 8 .5
3 . 5 - 6 . 0
< 5 . 8
^ 6 . 2
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R e a c t i o n s  ( 1 ) ,  ( 2 ) ,  and  (3 )  a r e  f rom  Buckman and  B rady  (1969) and
r e a c t i o n  ( 4 ) ,  f r o m  Huang and  K e l l e r  ( 1 9 7 2 ) .  The pH r a n g e s  shown a r e
f ro m  m a t e r i a l  p r e s e n t e d  by M a r io n  e t  a l .  ( 1 9 7 6 ) .  T hese  r e a c t i o n s  and
t h e  pH ra n g e s  o v e r  w h ich  t h e y  o c c u r  i n d i c a t e  t h a t  a s  n e u t r a l  o r  a l k a l i n e
s o i l s  w e a th e r  a n d  become more a c i d ,  th e y  m ig h t  be  e x p e c t e d  t o  p r o g r e s s
th r o u g h  s t a g e s  i n  w h ich  d i f f e r e n t  fo rm s  o f  Al a r e  d o m in a n t  i n  t h e  s o i l
3+s o l u t i o n .  M a r io n  e t  a l .  (1976)  h a v e  shown t h a t  Al i s  p r e d o m in a n t  
a t  pH v a lu e s  o f  4 . 7  and  lo w e r ,  A l ( 0 H) 2  p r e d o m i n a t e s  a t  pH v a l u e s  b e ­
tw e e n  4 .7  and 6 . 6 , A ^O H )^  p r e d o m in a t e s  f ro m  6 . 6  t o  8 . 0 ,  and  A1(0H)~ 
i s  t h e  p re d o m in a n t  s p e c i e s  above  pH 8 . 0 .  T h u s ,  h y d r o x y -A l  com pounds,
\  3- xA1(0H)X , m ig h t  b e  form ed i n  s o i l s  i n  e a r l i e r  w e a t h e r i n g  s t a g e s  a n d
3+a t  h i g h e r  s o i l  pH v a l u e s  t h a n  e x c h a n g e a b le  A l . The p o s i t i v e l y
c h a r g e d  A1(0H)^~X i o n s  may t h e n  occupy  c a t i o n  e x c h an g e  s i t e s  i n  t h e
s o i l ;  i n c l u d i n g  t h e  i n t e r l a y e r  s i t e s  i n  t h r e e - l a y e r  c l a y s ,  r e s u l t i n g
i n  t h e  e x t e n s i v e  h y d ro x y -A l  i n t e r l a y e r i n g  common i n  many s o i l s .
These same r e a c t i o n s  c a n  a l s o  s e r v e  t o  i l l u s t r a t e  one  i m p o r t a n t
s o u r c e  o f  p H -d e p e n d e n t  c h a rg e  o r  p H -d e p e n d e n t  CEC i n  some s o i l s .
N e u t r a l i z i n g  t h e  H+  io n s  t o  r a i s e  t h e  pH o f  t h e  s y s te m  d r i v e s  t h e
3+r e a c t i o n s  f ro m  l e f t  t o  r i g h t .  T h e r e f o r e ,  a  g i v e n  Al i o n  m ig h t
p r o g r e s s  th r o u g h  t h e  Al^"*"— *  A1(0H)^"*"-----*  A1 ( 0 H) 2  -----► A l ( 0 H) 2 -----*
Al(OH)^ s e q u e n c e  a s  t h e  pH i s  r a i s e d .  T h i s  s e q u e n c e  i s  one  i n  w h ic h  
e a c h  form  o f  A l  i s  l e s s  p o s i t i v e l y  c h a rg e d  t h a n  t h e  p r e c e d i n g .  The 
l e s s  p o s i t i v e  f o rm s  th e n  e f f e c t i v e l y  n e u t r a l i z e  f e w e r  c a t i o n  e x c h a n g e  
s i t e s  i n  t h e  s o i l  a n d ,  a s  a  r e s u l t ,  t h e  r e l e a s e d  s i t e s  c a n  e n t e r  i n t o  
c a t i o n  exchange  r e a c t i o n s .  I t  i s  e v i d e n t  f ro m  t h e s e  r e a c t i o n s  t h a t  
t h e  p H -d e p e n d en t  CEC i s  p a r t i a l l y  a  f u n c t i o n  o f  t h e  pH a t  w h ic h  i t  i s
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m e a s u r e d .  F o r  e x a m p le ,  f e w e r  p H -d e p e n d e n t  c h a r g e s  w i l l  r e s u l t  i n  
r a i s i n g  t h e  pH from  4 . 0  t o  6 . 0  t h a n  i n  r a i s i n g  i t  f ro m  4 . 0  t o  8 . 0 .
I t  i s  l i k e w i s e  a p p a r e n t  f rom  t h e  r e a c t i o n s  t h a t  a c i d i t y  m ig h t  be 
m e a s u re d  i n  some s o i l s  t h a t  h a v e  pH v a l u e s  n e a r  o r  a b o v e  7 . 0 .  T h is  
phenom enon, w hich  h a s  b e e n  d i s c u s s e d  by some i n v e s t i g a t o r s  ( C l a r k ,
1964; Coleman e t  a l . ,  1959 , an d  K am p ra th ,  1972) may b e  p a r t i a l l y  
e x p l a i n e d  by  c o n s i d e r i n g  w h a t  m ig h t  o c c u r  i f  a  s o i l  h a v i n g  a  pH o f  
7 . 0  i s  l e a c h e d  w i t h  a  s o l u t i o n  su c h  a s  B aC ^-T E A  b u f f e r e d  a t  pH 8 . 0 .
The d o m in a n t  fo rm s  o f  A l shown i n  t h e  p r e v i o u s  r e a c t i o n s  i n  d e c r e a s i n g  
o r d e r  o f  a b u n d a n ce  a t  pH 7 .0  w ou ld  b e  A1(0H)3 » A l ( 0 H ) 2 > and  A 1(0H )^.
As s t a t e d  e a r l i e r ,  t h e  A1(0H)^ i s  t h e  p re d o m in a n t  s p e c i e s  a t  and  a b o v e  
pH 8 . 0 .  As t h e  s o i l  i s  l e a c h e d  w i t h  t h e  s o l u t i o n  b u f f e r e d  a t  pH 8 . 0 ,  
t h e  f o l l o w i n g  r e a c t i o n s  c o u ld  b e  e x p e c t e d :
Al (0H>2 + 20H" A1(0H)^
A1(0H ) 3  +  OH" 7 - ^  A1(0H)“ .
Each o f  t h e s e  r e a c t i o n s  e f f e c t i v e l y  rem ove OH i o n s  f ro m  s o l u t i o n  and
th u s  d e c r e a s e  t h e  s t r e n g t h  o f  t h e  b u f f e r .  I f  a  m e a s u re d  d e c r e a s e  i n
b u f f e r  s t r e n g t h  i s  c o n s i d e r e d  a  m e a s u re  o f  a c i d i t y ,  t h e n  t h e  s o i l  m ig h t
h a v e  a p p r e c i a b l e  q u a n t i t i e s  o f  m e a s u re d  a c i d i t y .  L a t e r  d i s c u s s i o n s  o f  
s p e c i f i c  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  w i l l  i n v o l v e  e x a m p le s  o f  
m e a su re d  a c i d i t y  i n  s o i l s  w i t h  pH v a l u e s  b e tw e e n  7 .0  an d  8 . 0 .
Many s t u d i e s  h a v e  shown t h a t  pH, b a s e  s t a t u s ,  o r g a n i c  c a rb o n  
c o n t e n t ,  c l a y  m i n e r a l  t y p e  and  q u a n t i t y ,  an d  s a l t  t y p e  and  c o n c e n ­
t r a t i o n  a r e  m a jo r  s o i l  c h a r a c t e r i s t i c s  r e l a t e d  t o  a c i d i t y  and  t h e  
fo rm s  an d  q u a n t i t i e s  o f  Al i n  s o i l s .  The f o l l o w i n g  d i s c u s s i o n s  w i l l  
c o n s i d e r  p r o p e r t i e s  an d  r e l a t i o n s h i p s  a s  th e y  a p p ly  t o  a l l  t h e  s o i l  
s a m p le s .  C e r t a i n  c h a r a c t e r i s t i c s  o r  t r e n d s  w i t h i n  t h e  i n d i v i d u a l  s o i l s
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s t u d i e d  w i l l  a l s o  be  d e s c r i b e d .  S i m i l a r  an d  m ore d e t a i l e d  d i s c u s s i o n s  
w i l l  b e  o r i e n t e d  to w a rd  t h o s e  s o i l s  and  t h e i r  i n d i v i d u a l  h o r i z o n s  i n  
e a c h  o f  t h e  d e f i n e d  c l a y  m i n e r a l  g r o u p s .  G ro u p in g  t h e  s o i l s  by t h e i r  
d o m in a n t  c l a y  m i n e r a l  s u i t e s  p r o v i d e s  f o r  a  m ore o r g a n i z e d  d i s c u s s i o n  
o f  some c h a r a c t e r i s t i c s  an d  a l l o w s  f o r  m ore s p e c i f i c  s t a t e m e n t s  c o n ­
c e r n i n g  t h e  i n d i v i d u a l  s o i l s  w i t h i n  a  g r o u p .  F o r  e x a m p le ,  o f  t h e  m a jo r  
f a c t o r s  r e l a t e d  t o  s o i l  a c i d i t y  an d  fo rm s  o f  A l i n  s o i l s ,  pH, b a s e  
s t a t u s ,  o r g a n i c  c a r b o n  c o n t e n t ,  an d  c l a y  m i n e r a l  c o n t e n t  may b e  h i g h l y  
v a r i a b l e  w i t h i n  a  g i v e n  s o i l .  W h e re a s ,  t h e  p r e d o m in a n t  k i n d s  o f  c l a y  
m i n e r a l s  p r e s e n t  a r e  t y p i c a l l y  m ore  c o n s i s t e n t  t h r o u g h o u t  a  s o i l  a n d ,  
e x c e p t  f o r  h y d r o x y -A l  i n t e r l a y e r i n g ,  may b e  a lm o s t  i d e n t i c a l .
G e n e r a l  P h y s i c a l  a n d  C h em ica l  C h a r a c t e r i s t i c s  o f  t h e  S o i l s
The d a t a  p r e s e n t e d  i n  A ppend ix  1 i l l u s t r a t e  t h e  m a jo r  p h y s i c a l  
and  c h e m ic a l  c h a r a c t e r i s t i c s  o f  t h e  20 s o i l s .  T hese  d a t a  s e r v e  t o  
c h a r a c t e r i z e  t h e  s o i l s  a n d  t o  i l l u s t r a t e  t h e  v a r i a t i o n  i n  p a r t i c l e  s i z e  
d i s t r i b u t i o n ,  pH, e x c h a n g e a b le  b a s e s ,  CEC, a n d  o r g a n i c  c a r b o n  c o n t e n t  
among t h e  s o i l s  and  b e tw e e n  h o r i z o n s  w i t h i n  a  s o i l .  The mean and 
r a n g e  v a l u e s  o b t a i n e d  f o r  c l a y  and  o r g a n i c  c a r b o n  c o n t e n t ,  t h e  t h r e e  pH 
m e a s u r e m e n ts ,  t o t a l  e x c h a n g e a b le  b a s e s ,  CEC, and  b a s e  s a t u r a t i o n  f o r  
a l l  t h e  s o i l s  and  f o r  s o i l s  w i t h i n  e a c h  c l a y  m i n e r a l  g ro u p  a r e  p r e ­
s e n t e d  i n  T a b le  2 .  The mean pH v a l u e s  w e re  d e t e r m i n e d  by  a v e r a g i n g  H 
i o n  c o n c e n t r a t i o n s  and t h e n  c o n v e r t i n g  t o  pH.
P h y s i c a l  c h a r a c t e r i s t i c s . The i n d i v i d u a l  s o i l  h o r i z o n s  r a n g e d  i n  
t e x t u r e  from  a  f i n e  sa n d y  loam  w i t h  5.3% c l a y  i n  t h e  Al- h o r i z o n  o f  
t h e  R u s to n  s o i l  t o  a  c l a y  w i t h  87.5% c l a y  i n  t h e  B23g h o r i z o n  a t  4 3 -7 1  
cm d e p th  i n  t h e  S h a rk e y  s o i l .  F i g u r e  2 i l l u s t r a t e s  t h e  n a t u r e  o f  t h e
T a b le  2 . The mean and  r a n g e  v a l u e s  f o r  c l a y  and  o r g a n i c  c a rb o n  c o n t e n t ,  p l ^ ,  pHj^, pHca , t o t a l  
e x c h a n g e a b le  b a s e s ,  CEC, and b a s e  s a t u r a t i o n  f o r  20 s o i l s  i n  L o u i s i a n a  g ro u p ed  a c c o r d in g  t o  
c l a y  m i n e r a l  g ro u p .
C la y  m i n e r a l  
g ro u p C lay
O rg a n ic
c a rb o n pHw pHK pHCa
T o t a l  
e x c h .  b a s e s CEC
Base
s a t .
7o % %
A l l  s o i l s
Range 5 . 3 - 8 7 . 5 0 - 3 .5 4 . 6 - 8 . 6 4 . 1 - 8 . 3 3 . 8 - 8 .3 0 - 4 4 .0 2 . 1 - 4 8 . 3 0 - 1 0 0 +
Mean 2 6 .2 0 .4 5 . 3 4 .9 4 . 7 1 0 .9 1 6 .1 62
M o n t m o r i l l o n i t i c
Range 9 . 7 - 8 7 . 5 0 - 2 .9 4 . 7 - 8 . 6 4 . 4 - 7 . 9 4 . 6 - 8 . 3 6 . 6 - 4 4 . 0 8 . 0 - 4 8 . 3 30-100+
Mean 3 6 .7 0 .5 5 .7 5 .1 5 . 3 1 8 .0 2 3 .9 77
M ixed*
Range 8 . 1 - 4 2 . 8 0 . 1 - 1 .5 4 . 6 - 6 . 6 4 . 1 - 6 . 3 3 . 8 - 6 .3 0 . 9 - 1 1 . 3 4 .6 - 2 5 . 6 14-78
Mean 2 1 . 1 0 .3 5 .2 4 .6 4 . 5 5 .9 1 3 .3 50
K a o l i n i t i c
Range 5 . 3 - 2 7 . 0 0 - 3 .5 4 . 6 - 6 . 1 4 . 3 - 5 . 6 4 . 0 - 5 . 4 0 - 9 . 8 2 .1 - 1 3 . 9 0 -77
Mean 1 4 .8 0 . 4 5 .0 4 . 8 4 . 5 1 . 8 6 .5 26
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C la y  c o n t e n t  (7„)
F i g u r e  2 .  The p r o f i l e  d i s t r i b u t i o n  o f  c l a y  ( -c 0 .0 0 2  mm) i n  t h e  
B o s w e l l ,  Commerce, C ro w le y ,  an d  L o r in g  s o i l s .
v a r i o u s  t r e n d s  i n  c l a y  d i s t r i b u t i o n  w i t h i n  t h e  p r o f i l e s  o f  t h e  s o i l s  
i n  t h e  s t u d y .  The A l l i g a t o r ,  Commerce, M o re la n d ,  S e v e r n ,  a n d  S h a rk e y  
s o i l s  d e v e lo p e d  i n  r e c e n t  a l l u v i u m  and  l a c k e d  h o r i z o n s  o f  s e c o n d a r y  
a c c u m u l a t i o n s  o f  c l a y  (B t  h o r i z o n s )  . The v a r i a t i o n s  o f  c l a y  c o n t e n t  
i n  t h e s e  s o i l s  l a r g e l y  r e f l e c t e d  d i f f e r e n c e s  d u e  to  s t r a t i f i c a t i o n  i n  
t h e  i n i t i a l  p a r e n t  m a t e r i a l s .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  2 by t h e  
Commerce s o i l .  The o t h e r  s o i l s  i n  t h e  s t u d y  w e r e  a l l  c h a r a c t e r i z e d  by 
Bt h o r i z o n s .  T h e s e  s o i l s  h a d  maximum c l a y  c o n t e n t s  w i t h i n  t h e  Bt 
h o r i z o n s  an d  l e s s e r  a m o u n ts  i n  h o r i z o n s  d e e p e r  i n  t h e  p r o f i l e .  T h i s  
c h a r a c t e r i s t i c  d i s t r i b u t i o n  i s  i l l u s t r a t e d  b y  t h e  B o s w e l l  a n d  L o r in g  
s o i l s  i n  F i g u r e  2 .  E x c e p t i o n s  t o  t h i s  w e re  i n  t h e  C row ley  a n d  Mowata 
s o i l s .  I n  t h e s e  s o i l s  t h e  d e e p e s t  h o r i z o n s  s t u d i e d  h a d  a p p r e c i a b l y  
more c l a y  t h a n  h o r i z o n s  i m m e d i a t e l y  a b o v e  a n d  a p p a r e n t l y  d e v e lo p e d  i n  
m ore  c l a y e y  s t r a t a  t h a n  t h e  h o r i z o n s  h i g h e r  i n  t h e  p r o f i l e s .  The 
d i s t r i b u t i o n  o f  c l a y  i n  t h e  C ro w le y  s o i l  i s  shown i n  F i g u r e  2 .  The 
a v e r a g e  c l a y  c o n t e n t s  i n  t h e  m o n t m o r i l l o n i t i c ,  m ixed  an d  k a o l i n i t i c  
c l a y  m i n e r a l  g r o u p s  d e c r e a s e d  f ro m  3 6 . 7 ,  t o  2 1 , 1 ,  t o  14 .8% , r e s p e c t i v e ­
l y .  The v a l u e s  i n  T a b l e  2 i n d i c a t e  t h a t  e a c h  c l a y  m i n e r a l  g ro u p  c o n ­
t a i n e d  s o i l s  w i t h  a  w id e  r a n g e  i n  c l a y  c o n t e n t .  The c l a y  c o n t e n t  and  
a  num ber  o f  c h e m i c a l  c h a r a c t e r i s t i c s  w e re  s t a t i s t i c a l l y  r e l a t e d  and  
a r e  d i s c u s s e d  i n  s e c t i o n s  t h a t  f o l l o w .
C h e m ic a l  c h a r a c t e r i s t i c s . The p H ^  pH ^, an d  pHq& v a l u e s  i n  T a b le  
2  i n d i c a t e  a  w id e  r a n g e  i n  t h e  i n t e n s i t y  f a c t o r  o f  s o i l  a c i d i t y  i n  t h e  
s o i l s  s t u d i e d .  The pHw v a l u e s  r a n g e d  fro m  a  low  o f  4 . 6  a t  9 4 -1 5 2  cm 
d e p th  i n  t h e  B o s w e l l  s o i l  an d  i n  t h e  s u r f a c e  h o r i z o n  o f  t h e  t t y a t t  s o i l  
t o  a  maximum o f  8 . 6  a t  5 8 -7 1  cm i n  t h e  S e v e r n  s o i l .  The d a t a  from  t h e  
M o re la n d  an d  S e v e r n  s o i l s  w e r e  e x c lu d e d  i n  c a l c u l a t i n g  t h e  v a l u e s
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r e p o r t e d  f o r  t h e  m ix ed  m i n e r a l o g y  s o i l  g ro u p  i n  T a b l e  2 .  The d a t a  
f ro m  t h e s e  two s o i l s  was a l s o  e x c lu d e d  f ro m  a  num ber o f  o t h e r  a n a l y s e s  
p r e s e n t e d  l a t e r  i n  t h i s  s e c t i o n .  I n  s u c h  c a s e s ,  t h e  e x c l u s i o n  o f  t h e s e  
s o i l s  i s  d i s t i n c t l y  s t a t e d  an d  c l e a r l y  i d e n t i f i e d .  They w e re  e x c lu d e d  
fro m  t h e  c a l c u l a t i o n s  l a r g e l y  b e c a u s e  o f  t h e  f r e e  c a r b o n a t e s  p r e s e n t  i n  
a l l  h o r i z o n s  e x c e p t  t h e  Ap o f  t h e  M o re la n d  s o i l .  The l a r g e  q u a n t i t y  
o f  c a r b o n a t e s  h a d  a n  o v e r r i d i n g  i n f l u e n c e  on  many o f  t h e  s o i l s '  c h e m ic a l  
p r o p e r t i e s .  F o r  e x a m p le ,  pHy v a l u e s  r a n g e d  b e tw e e n  7 .6  and  8 . 6  i n  a l l  
h o r i z o n s  b e lo w  t h e  s u r f a c e .  T h i s  c o m p a re s  w i t h  a  pHw r a n g e  o f  4 . 6  t o  
6 . 6  an d  a n  a v e r a g e  o f  5 . 2  i n  t h e  o t h e r  s o i l s  i n  t h e  m ix ed  c l a y  m i n e r a l  
g r o u p .  A l s o ,  t h e  q u a n t i t i e s  o f  e x c h a n g e a b l e  b a s e s  e x c e e d e d  t h e  CEC 
d e t e r m i n e d  b y  a d s o r b e d  ammonia i n  a l l  h o r i z o n s ,  e x c e p t  t h e  Ap o f  t h e  
M o re la n d  s o i l .  The b a s e s  e x t r a c t e d  w e r e  p r e d o m i n a n t l y  Ca a n d  Mg and  
a p p a r e n t l y  r e f l e c t e d ,  t o  some e x t e n t ,  t h e  s o l u b i l i t y  o f  t h e  c a r b o n a t e s  
p r e s e n t  i n  t h e  NH^OAc l e a c h a t e  u n d e r  t h e  a n a l y t i c a l  c o n d i t i o n s .  I n  
e f f e c t ,  t h e s e  tw o s o i l s  c o m p r i s e d  a  s e p a r a t e  m i n e r a l  g ro u p  i n  w h ic h  
t h e  p h y l l o s i l i c a t e  m i n e r a l s  h a d  l i t t l e  i n f l u e n c e  on  some s o i l  p r o p e r ­
t i e s .  L a t e r  d i s c u s s i o n s  r e g a r d i n g  a c i d i t y  i n  t h e s e  two s o i l s  w i l l  
f u r t h e r  i l l u s t r a t e  t h e  i n f l u e n c e  o f  c a r b o n a t e s .
The s o i l s  c a n  b e  p l a c e d  i n t o  f o u r  g e n e r a l  g r o u p s  b a s e d  on  m e a su re d  
pH v a l u e s  a n d  t h e i r  v a r i a t i o n  w i t h i n  t h e  p r o f i l e  (A p p en d ix  1 a n d  
F i g u r e s  3 a n d  4 ) .  One g ro u p  w as c h a r a c t e r i z e d  b y  u n i f o r m l y  low  pH 
v a l u e s  w i t h  no  d e f i n i t e  t e n d e n c y  t o  e i t h e r  i n c r e a s e  o r  d e c r e a s e  w i t h  
d e p t h  i n  t h e  p r o f i l e .  T h i s  c h a r a c t e r i s t i c  t r e n d  i s  i l l u s t r a t e d  i n  
F i g u r e  3 b y  t h e  M y a t t  s o i l .  S o i l s  i n  t h i s  g r o u p  w e re  t h e  B e a u r e g a r d ,  
C addo , M y a t t ,  S to u g h ,  C a lh o u n ,  L o r i n g ,  a n d  O l i v i e r .  The f i r s t  f o u r  
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P11*
F i g u r e  3 .  The p r o f i l e  d i s t r i b u t i o n  o f  pHy, v a l u e s  m e a s u re d  i n  t h e  
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PHw
F i g u r e  4 .  The p r o f i l e  d i s t r i b u t i o n  o f  pHw v a l u e s  m e a s u r e d  i n  t h e  
M o re la n d  an d  Mowata s o i l s .
k a o l i n i t i c  c l a y  m i n e r a l o g y .  They  h a d  pH*, v a l u e s  r a n g i n g  f ro m  4 . 6  t o  
5 . 4 .  The r e m a i n i n g  s o i l s ,  C a lh o u n ,  L o r in g  a n d  O l i v i e r  w e re  i n  t h e  
m ixed  c l a y  m i n e r a l  g ro u p  and  w e r e  s a m p le d  i n  t h e  L o e s s i a l  H i l l s  an d  
M i s s i s s i p p i  T e r r a c e s  s o i l  a r e a .  A s e c o n d  g r o u p  was made up o f  s o i l s  
w i t h  pH*, v a l u e s  t h a t  g e n e r a l l y  i n c r e a s e  w i t h  d e p t h .  The A l l i g a t o r ,  
Commerce ( F i g u r e  3 ) ,  S h a r k e y ,  H e b e r t ,  an d  J e a n e r e t t e  s o i l s  c o m p r i s e d  
t h i s  g r o u p .  A t h i r d  g ro u p  was t h o s e  s o i l s  w i t h  pH*, v a l u e s  t h a t  w e re  
u n i f o r m l y  h i g h  t h r o u g h o u t ,  pHw 7 . 6  t o  8 . 6 . T he  two c a l c a r e o u s  s o i l s ,  
M o re la n d  ( F i g u r e  4 )  a n d  S e v e r n ,  c o m p r i s e d  t h i s  g r o u p .  A f o u r t h  g ro u p  
c o n s i s t e d  o f  s o i l s  w i t h  t h e  minimum pH v a l u e  i n  t h e  B t h o r i z o n  and  w i t h  
pH v a l u e s  w h ic h  g e n e r a l l y  i n c r e a s e  upw ard  a n d  downward f ro m  t h a t  p o i n t  
i n  t h e  p r o f i l e .  T h i s  g ro u p  i n c l u d e d  t h e  A c a d i a ,  C ro w le y ,  Mowata 
( F i g u r e  4 ) ,  D u n d e e ,  a n d  R u s to n  s o i l s .  I n  on e  s o i l ,  B o s w e l l ,  t h e  pH 
v a l u e s  g e n e r a l l y  d e c r e a s e d  c o n t i n u o u s l y  w i t h  d e p t h .
The m ean pH v a l u e s  ( T a b le  2 )  v a r i e d  b y  c l a y  m i n e r a l  g r o u p  an d  w e re  
h i g h e s t  i n  t h e  m o n t m o r i l l o n i t i c  g ro u p  (pHw 5 . 7 ) ,  i n t e r m e d i a t e  i n  t h e  
m ixed  g ro u p  (pHw 5 . 2 ) ,  a n d  l o w e s t  i n  t h e  k a o l i n i t i c  g r o u p  (pHw 5 . 0 ) .
The B e a u r e g a r d ,  B o s w e l l ,  C addo , C a lh o u n ,  D u n d e e ,  M y a t t ,  a n d  S to u g h  
s o i l s  h a d  pH*, v a l u e s  o f  5 . 5  o r  l e s s  t h r o u g h o u t ;  w h e r e a s ,  t h e  Commerce, 
J e a n e r e t t e ,  M o re la n d ,  S e v e r n ,  a n d  S h a rk e y  s o i l s  h a d  pH*, v a l u e s  g r e a t e r  
t h a n  o r  e q u a l  t o  6 . 0  t h r o u g h o u t  (A p p e n d ix  1 ) .  The w id e  r a n g e  i n  pH 
v a l u e s  an d  t h e i r  v a r i a t i o n  w i t h i n  t h e  s o i l s  i n d i c a t e  t h a t  t h e  s o i l s  
s t u d i e d  d i d  i n c l u d e  l a r g e  d i f f e r e n c e s  i n  t h e  c o n d i t i o n s  t h a t  m ig h t  b e  
e x p e c t e d  w i t h  r e g a r d  t o  s o i l  a c i d i t y  a n d  e x c h a n g e a b l e  o r  e x t r a c t a b l e  A l .
G e n e r a l l y ,  t h e  pH*,, pH ^, a n d  pH^a  v a l u e s  e x h i b i t e d  s i m i l a r  p r o f i l e  
t r e n d s .  H o w ev er ,  t h e  pH^ an d  p Hq& v a l u e s  w e r e  c h a r a c t e r i s t i c a l l y  0 . 5  
t o  1 . 0  u n i t  l o w e r  t h a n  t h e  pH*, v a l u e s .  O t h e r s  ( B l a c k ,  1 9 6 8 ;  and
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P e e c h ,  1965) h a v e  r e p o r t e d  t h a t  pH v a l u e s  o b t a i n e d  i n  s a l t  s o l u t i o n s  
a r e  t y p i c a l l y  l o w e r  t h a n  t h o s e  o b t a i n e d  i n  w a t e r  f o r  s o i l s  w i t h  l a y e r -  
s i l i c a t e  c l a y s .  The lo w e r  v a l u e s  a r e  g e n e r a l l y  a t t r i b u t e d  t o  r e p l a c e ­
m en t  o f  H, Al an d  o t h e r  a c i d i c  c a t i o n s  f ro m  t h e  e x c h a n g e  c o m p le x  o f  t h e  
o f  t h e  s o i l .  The pH v a l u e s  o b t a i n e d  i n  s a l t  s u s p e n s i o n s  p r o v i d e  a 
" s t a n d a r d  s t a t e "  r e f e r e n c e  f o r  pH m e a s u re m e n t  i n  w h ic h  v a r i a t i o n s  
r e s u l t i n g  f ro m  v a r y i n g  s a l t  c o n t e n t s  a r e  m in i m i z e d .  Graham (1 9 5 9 )  
c o n s i d e r e d  d i f f e r e n c e s  i n  t h e  pH v a l u e s  o b t a i n e d  i n  w a t e r  a n d  s a l t  
s u s p e n s i o n s  t o  b e  a  r e l i a b l e  i n d e x  o f  l e a c h i n g .  From a  m anagem en t 
s t a n d p o i n t ,  i t  c a n  b e  a r g u e d  t h a t  t h e  pH v a l u e  i n  a  s a l t  s u s p e n s i o n  
r e p r e s e n t s  t h e  l o w e s t  v a l u e  t h a t  m ig h t  r e s u l t  f ro m  t h e  a d d i t i o n  o f  
s a l t s ,  s u c h  a s  f e r t i l i z e r s .
The r e s u l t s  o f  t h e  pH m e a s u r e m e n ts  s u g g e s t  t h a t  d i f f e r e n c e s  
o b t a i n e d  i n  t h e  t h r e e  m e a s u re m e n ts  w e re  r e l a t e d ,  t o  some e x t e n t ,  t o  t h e  
s o i l  c l a y  m i n e r a l o g y .  The s o i l s  i n  t h e  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  
g r o u p  g e n e r a l l y  h a d  t h e  l o w e s t  pH v a l u e s  m e a s u re d  i n  a  N KCl s o l u t i o n  
( F i g u r e  5 a n d  T a b l e  2 )  , w h i l e  t h o s e  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  
g ro u p  u s u a l l y  h a d  t h e  l o w e s t  pH v a l u e s  m e a s u re d  i n  a  0 .0 1  M C aC l2  
s o l u t i o n  ( F i g u r e  6  a n d  T a b l e  2 ) .  The s o i l s  i n  t h e  m ix ed  c l a y  m i n e r a l  
g ro u p  h a d  t h e  l o w e s t  pH v a l u e s  i n  e i t h e r  s o l u t i o n .  The e x i s t i n g  l i t ­
e r a t u r e  i n d i c a t e s  t h a t  pH v a l u e s  m ig h t  b e  e x p e c t e d  t o  d e c r e a s e  i n  t h e  
o r d e r  p l ^ ,  PHC a> pHK* F o r  examP^-e > B la c k  (1968 )  a n d  P eech  (1 9 6 5 )  
r e p o r t e d  t h a t  pH v a l u e s  d e t e r m i n e d  i n  s u s p e n s i o n s  w i t h  t h e  same s o i l  t o  
w a t e r  r a t i o  w e re  h i g h e s t  i n  w a t e r ,  i n t e r m e d i a t e  i n  0 . 0 1  M C a C ^ ,  and 




















F i g u r e  5 .  The p r o f i l e  d i s t r i b u t i o n  o f  pH v a l u e s  
m e a s u re d  i n  w a t e r  (pHw) , N KCl (p H jj) , 
and  0.01M  C aC l2  (pHca ) s o l u t i o n s  i n  t h e  







F i g u r e  6 . The p r o f i l e  d i s t r i b u t i o n  o f  pH v a l u e s  
m e a s u re d  i n  w a t e r  (pH w )> N KCl (pH k) j  
and  0 . 0 1 M CaCl2  (pH ca) s o l u t i o n s  i n  th e  












The r e l a t i o n s h i p s  c o n c e r n i n g  t h e  n a t u r e  o f  t h e  s a l t  s u s p e n s i o n ,  
pH v a l u e ,  and  c l a y  m i n e r a l o g y  o b s e r v e d  i n  t h i s  s t u d y  w a r r a n t  f u r t h e r  
i n v e s t i g a t i o n .  S t u d i e s  a r e  n eed ed  t o  d e t e r m i n e  i f  t h e  r e l a t i o n s h i p s  
o b s e rv e d  a r e  g e n e r a l  i n  n a t u r e ,  and  i f  s o ,  t h e  f a c t o r ( s )  i n v o lv e d  and 
t h e i r  r e l a t i o n s h i p  t o  o t h e r  s o i l  p r o p e r t i e s .  One p o s s i b l e  e x p l a n a t i o n  
f o r  t h e  pHK v a l u e s  b e i n g  l o w e s t  i n  t h e  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  
g ro u p  i s  r e l a t e d  to  t h e  a b i l i t y  o f  t h e  K i o n  t o  r e p l a c e  i n t e r l a y e r  Al 
i o n s  i n  t h e s e  c l a y s .  Colem an and  Thomas ( 1 9 6 7 ) ,  K am pra th  ( 1 9 7 2 ) ,  and  
Thomas (1974 )  h a v e  r e p o r t e d  t h a t  K i o n s  a r e  e s p e c i a l l y  e f f e c t i v e  in  
t h i s  r e g a r d .  I n  t h e  e x p a n d i n g - l a t t i c e  c l a y s ,  K i o n s  may h a v e  b e e n  
m ore e f f e c t i v e  t h a n  Ca i o n s  i n  r e p l a c i n g  Al i o n s  f ro m  t h e  i n t e r l a y e r  
p o s i t i o n .  T h i s  w ould  t h e n  f u r n i s h  m ore  Al t o  e n t e r  i n t o  h y d r o l y s i s  
r e a c t i o n s  and  t o  c r e a t e  a  m ore a c i d  s o i l  s u s p e n s i o n  i n  t h e  pHj^ m e a s u r e ­
m e n t .  The a b s e n c e  o f  s u c h  i n t e r l a y e r  p o s i t i o n s  i n  t h e  n o n e x p a n d in g - 
l a t t i c e  c l a y s  p r e c l u d e  t h i s  p o s s i b i l i t y  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  
g ro u p .  T h i s  e x p l a n a t i o n  i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  a c i d i t y  and 
Al m e a su re m e n ts  o b t a i n e d  i n  t h i s  s t u d y .  At t h i s  t i m e ,  no e x p l a n a t i o n  
i s  o f f e r e d  f o r  t h e  pH v a l u e s  i n  0 .0 1  M CaCl2  s u s p e n s i o n s  g e n e r a l l y  
b e i n g  lo w e r  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g ro u p  t h a n  i n  t h e  o t h e r  
m i n e r a l  g r o u p s .
S t a t i s t i c a l  a n a l y s e s  i n d i c a t e d  s i g n i f i c a n t  r e l a t i o n s h i p s  b e tw e e n  
th e  m e a s u re d  pH v a l u e s  a n d  s e v e r a l  o t h e r  s o i l  c h e m ic a l  p r o p e r t i e s .
These  r e l a t i o n s h i p s  a r e  d i s c u s s e d  i n  m ore  d e t a i l  i n  t h e  s e c t i o n  t h a t  
f o l l o w s .
The v a l u e s  r e p o r t e d  i n  T a b le  2 i n d i c a t e  t h a t  t o t a l  e x c h a n g e a b le  
b a s e s  r a n g e d  fro m  0 t o  4 4  m eq/100 g o f  s o i l .  The s o i l s  c o u ld  b e  p l a c e d  
i n t o  f o u r  g r o u p s  on  t h e  b a s i s  o f  p r o f i l e  d i s t r i b u t i o n  t r e n d s  o f
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e x c h a n g e a b l e  b a s e s .  One g ro u p  i n c l u d e d  t h o s e  s o i l s  w h ic h  d e v e lo p e d  i n  
r e c e n t  a l l u v i u m  and  l a c k e d  B t  h o r i z o n s .  I n  t h e s e  s o i l s ,  t h e  t o t a l  
e x c h a n g e a b l e  b a s e s  g e n e r a l l y  v a r i e d  w i t h  c l a y  c o n t e n t  r e s u l t i n g  i n  a n  
i r r e g u l a r  p r o f i l e  d i s t r i b u t i o n .  S o i l s  i n  t h i s  g ro u p  w e re  A l l i g a t o r ,  
Commerce, M o re la n d ,  S e v e r n ,  and  S h a r k e y .  A se c o n d  g ro u p  c o m p r i s e d  t h o s e  
s o i l s  i n  w h ic h  t h e  e x c h a n g e a b le  b a s e s  w e re  a t  a  maximum i n  t h e  Bt 
h o r i z o n s ,  w i t h  d e c r e a s i n g  am oun ts  i n  t h e  h o r i z o n s  a b o v e  a n d  b e lo w  t h e  
B t .  The C addo , D undee , J e a n e r e t t e ,  L o r i n g ,  O l i v i e r ,  a n d  R u s to n  s o i l s  
c o m p r i s e d  t h i s  g r o u p .  The A c a d ia ,  C a lh o u n ,  C ro w le y ,  a n d  Mowata s o i l s  
c o n s t i t u t e d  a  t h i r d  g r o u p  i n  w h ic h  t o t a l  b a s e s  i n c r e a s e d  t h r o u g h o u t  
t h e  B h o r i z o n  and  w e r e  h i g h e s t  i n  t h e  d e e p e s t  h o r i z o n s  s a m p le d .  The 
l a s t  g r o u p  i n c l u d e d  t h o s e  s o i l s  w h ic h  h a d  maximum e x c h a n g e a b le  b a s e s  
i n  t h e  B t  h o r i z o n s  w i t h  t h e  A2 h o r i z o n s  h a v i n g  t h e  minimum . S o i l s  
c o m p r i s i n g  t h i s  g ro u p  w e r e  B e a u r e g a r d ,  B o s w e l l ,  H e b e r t ,  M y a t t ,  and 
S to u g h .  The a v e r a g e  q u a n t i t y  o f  e x c h a n g e a b l e  b a s e s  v a r i e d  w i t h  c l a y  
m i n e r a l o g y .  The s o i l s  i n  t h e  m o n t m o r i l l o n i t i c  c l a y  g r o u p  had  t h e  
h i g h e s t  a v e r a g e  q u a n t i t y  o f  e x c h a n g e a b l e  b a s e s  ( 1 8 .0  m eq / 1 0 0  g ) , 
w i t h  t h e  m ixed  c l a y  g r o u p  b e i n g  i n t e r m e d i a t e  ( 5 . 9  m e q /1 0 0  g ) , and  t h e  
k a o l i n i t i c  g ro u p  h a v i n g  t h e  l e a s t  ( 1 . 8  meq / 1 0 0  g ) .
The CEC v a l u e s  i n  A p p e n d ix  1 a n d  T a b l e  2 w e re  d e t e r m i n e d  by  d i r e c t  
d i s t i l l a t i o n  o f  a d s o r b e d  ammonia (NH^OAc CEC). T h e s e  v a l u e s  r a n g e d  
f ro m  2 . 1  t o  4 8 .3  m eq /1 0 0  g o f  s o i l .  The a v e r a g e  CEC v a l u e s  w e re  
g r e a t e s t  i n  s o i l s  w i t h  p r e d o m i n a n t l y  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l s  
( 2 3 .9  m eq /1 0 0  g ) , i n t e r m e d i a t e  i n  s o i l s  w i t h  m ixed  c l a y  m in e r a l o g y  
( 1 3 .3  m eq /1 0 0  g ) , a n d  l e a s t  i n  s o i l s  w i t h  p r e d o m i n a n t l y  k a o l i n i t i c
f
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c l a y  m i n e r a l s  ( 6 . 5  m eq /1 0 0  g ) . A d d i t i o n a l  d i s c u s s i o n  c o n c e r n i n g  CEC 
i s  p r e s e n t e d  o n  p a g e  8 5 .
The s o i l s  r a n g e d  i n  b a s e  s a t u r a t i o n  f r o m  z e r o  i n  s e v e r a l  h o r i z o n s  
o f  t h e  M y a t t  a n d  S to u g h  s o i l s  t o  o v e r  1007. i n  s e v e r a l  h o r i z o n s  o f  t h e  
M o r e l a n d  an d  a l l  h o r i z o n s  o f  t h e  S e v e rn  s o i l s .  As p r e v i o u s l y  i n d i c a t e d ,  
t h e  g r e a t e r  t h a n  1007. b a s e  s a t u r a t i o n  w as a p p a r e n t l y  due  t o  t h e  
d i s s o l u t i o n  o f  f r e e  c a r b o n a t e s  i n  t h e  NH^OAc s o l u t i o n  u s e d  t o  l e a c h  t h e  
s o i l  i n  t h e  CEC a n d  e x c h a n g e a b l e  b a s e s  d e t e r m i n a t i o n s .  The a v e r a g e  
b a s e  s a t u r a t i o n  o f  s o i l s  i n  t h e  c l a y  m i n e r a l o g y  g r o u p s  w as 777. i n  t h e  
m o n t m o r i l l o n i t i c  c l a y  g r o u p ,  50  a n d  267. i n  t h e  m ix ed  an d  k a o l i n i t i c  
g r o u p s ,  r e s p e c t i v e l y .
The o r g a n i c  c a r b o n  c o n t e n t  was r e l a t i v e l y  low  i n  m o s t  o f  t h e  s o i l s  
( A p p e n d ix  1 ) .  The g r e a t e s t  q u a n t i t y ,  3 .5 7 . ,  w as m e a s u r e d  i n  t h e  s u r f a c e  
h o r i z o n  o f  t h e  S to u g h  s o i l .  By t h e  m e th o d  u s e d ,  no  o r g a n i c  c a r b o n  w as  
d e t e c t e d  i n  t h e  l o w e r  h o r i z o n s  o f  s e v e r a l  o f  t h e  s o i l s .  The s u r f a c e  
h o r i z o n s  o f  a l l  t h e  s o i l s  a v e r a g e d  17. o r g a n i c  c a r b o n .  T y p i c a l l y ,  t h e  
o r g a n i c  c a r b o n  c o n t e n t  w as h i g h e s t  i n  t h e  s u r f a c e  h o r i z o n s  an d  d e c r e a s e d  
c o n t i n u o u s l y  w i t h  i n c r e a s i n g  d e p t h  t h r o u g h o u t  t h e  p r o f i l e .  The Commerce 
h a d  a n  i r r e g u l a r  p r o f i l e  d i s t r i b u t i o n  r e f l e c t i n g  t h e  s t r a t i f i e d  n a t u r e  
o f  t h a t  s o i l .  The  C ro w le y  s o i l  h a d  a  maximum o r g a n i c  c a r b o n  c o n t e n t  o f  
0 .9 7 .  i n  t h e  B t h o r i z o n  a t  3 6 - 7 6  cm w i t h  d e c r e a s i n g  a m o u n ts  i n  lo w e r  
h o r i z o n s .  The o r g a n i c  c a r b o n  i n  t h e  O l i v i e r  s o i l  w as  0 .27 . o r  l e s s  
t h r o u g h o u t .  The s t a t i s t i c a l  r e l a t i o n s h i p s  b e tw e e n  o r g a n i c  c a r b o n  and  
o t h e r  s o i l  c h a r a c t e r i s t i c s  a r e  d i s c u s s e d  o n  p a g e s  8 1 ,  90 a n d  91 .
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E x c h a n g e a b le  a n d  E x t r a c t a b l e  Aluminum a n d  A c i d i t y  R e l a t i o n s h i p s
E x c h a n g e a b le  a n d  e x t r a c t a b l e  Al an d  a c i d i t y  d a t a  f o r  a l l  t h e  s o i l s  
i n  t h e  s t u d y  a r e  p r e s e n t e d  i n  A p p e n d ix  2 .  The e x c h a n g e a b l e  a c i d i t y  
(A l a n d  H) a n d  e x c h a n g e a b le  A l (E xA l)  w e re  m e a s u r e d  i n  a  s o i l  l e a c h a t e  
o b t a i n e d  b y  l e a c h i n g  t h e  s o i l s  w i t h  a n  u n b u f f e r e d  s a l t  s o l u t i o n  (N K C l ) . 
The d e t e r m i n a t i o n  p r o v i d e d  a  m e a s u r e  o f  A l an d  H i o n s  o n  t h e  e x c h a n g e  
c o m p le x  o f  t h e  s o i l .  The t o t a l  r a n g e  i n  e x c h a n g e a b l e  a c i d i t y  was f ro m  
0 t o  1 6 .7  m e q /1 0 0  g o f  s o i l .  H ow ever ,  o n l y  t h e  B o s w e l l  s o i l  c o n t a i n e d  
m ore  t h a n  6 . 0  meq o f  e x c h a n g e a b l e  a c i d i t y  p e r  100 g .  I t  h a d  l a r g e  
q u a n t i t i e s  i n  a l l  h o r i z o n s  b e lo w  23 cm w i t h  a  maximum o f  1 6 .7  m eq /1 0 0  g 
i n  t h e  B 2 2 t  h o r i z o n  a t  4 1 - 5 8  cm. H o s t  o f  t h e  s o i l s  w i t h  m e a s u r a b l e  
a m o u n ts  o f  e x c h a n g e a b le  a c i d i t y  h a d  b e tw e e n  0 . 5  a n d  6 . 0  m eq /1 0 0  g .
The Commerce, J e a n e r e t t e ,  M o r e l a n d ,  S e v e r n ,  a n d  S h a r k e y  s o i l s  d i d  n o t  
c o n t a i n  m e a s u r a b l e  a m o u n ts  o f  ExAl and  h a d  l e s s  t h a n  0 . 3  meq o f  e x c h a n g e ­
a b l e  a c i d i t y  p e r  100 g .  No ExAl w as m e a s u r e d  i n  h o r i z o n s  h a v i n g  pH^, 
v a l u e s  g r e a t e r  t h a n  6 . 0 ,  a n d  a l l  h o r i z o n s  w i t h  p ^  v a l u e s  l e s s  t h a n  5 . 5  
c o n t a i n e d  m e a s u r a b l e  q u a n t i t i e s  o f  E x A l.  I n  h o r i z o n s  h a v i n g  pH„ v a l u e s  
f ro m  5 . 5  t o  6 . 0  t h e r e  w e re  a p p r o x i m a t e l y  e q u a l  n u m b e rs  w i t h  a n d  w i t h o u t  
m e a s u r a b l e  a m o u n ts  o f  E x A l.  W i t h i n  a  s o i l ,  t h e  l a r g e s t  a m o u n ts  o f  
e x c h a n g e a b l e  a c i d i t y  a n d  ExA l w e r e  i n  h o r i z o n s  w i t h  h i g h  c l a y - l o w  pH 
c o m b i n a t i o n s  (B t  h o r i z o n s ) .  T w elv e  o f  t h e  s o i l s  h a d  h o r i z o n s  w i t h i n  
t h e  r o o t i n g  d e p t h  o f  m o s t  c r o p s  t h a t  h a d  m ore t h a n  1 . 0  meq o f  ExAl 
p e r  1 0 0  g .
T y p i c a l l y ,  e x c h a n g e a b l e  a c i d i t y ,  E xA l,  a n d  t h e  e x c h a n g e a b l e  A1:H 
r a t i o  w e re  l o w e s t  i n  t h e  s u r f a c e  h o r i z o n s  and  i n c r e a s e d  w i t h  d e p t h  
i n t o  t h e  u p p e r  B h o r i z o n s .  I n  t h e  A c a d ia ,  A l l i g a t o r ,  C a lh o u n ,  C r o w le y ,
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D u n d ee ,  H e b e r t ,  L o r i n g ,  M owata, an d  O l i v i e r  s o i l s ,  t h e s e  c o m p o n e n ts  d e ­
c r e a s e d  w i t h  d e p t h  b e lo w  t h e  maxima i n  t h e  u p p e r  B h o r i z o n s  ( F i g u r e  7 ) .
I n  t h e  B e a u r e g a r d ,  B o s w e l l ,  Caddo, M y a t t ,  R u s to n ,  an d  S to u g h  s o i l s  t h e  
q u a n t i t i e s  w e re  e s s e n t i a l l y  c o n s t a n t  f ro m  t h e  u p p e r  B h o r i z o n s  down t o  
t h e  C h o r i z o n s  o r  t h r o u g h o u t  t h e  d e p t h s  s a m p le d  ( F i g u r e  8 ) .  T he  g r e a t e s t  
q u a n t i t y  o f  e x c h a n g e a b l e  H m e a s u r e d  was 1 . 0  m eq /1 0 0  g o f  s o i l  i n  B
h o r i z o n s  o f  t h e  B e a u r e g a r d  a n d  B o s w e l l  s o i l s .  W ith  b u t  o n e  e x c e p t i o n ,
t h e  q u a n t i t i e s  o f  e x c h a n g e a b le  H w e re  a s  g r e a t  o r  g r e a t e r  t h a n  ExAl i n  
h o r i z o n s  w i t h  l e s s  t h a n  0 . 5  m eq /1 0 0  g o f  e x c h a n g e a b le  a c i d i t y ,  ExAl was 
g r e a t e r  t h a n  e x c h a n g e a b l e  H i n  a l l  b u t  o n e  h o r i z o n  w i t h  m ore  t h a n  0 . 5  meq 
o f  e x c h a n g e a b le  a c i d i t y  p e r  100 g o f  s o i l .  T h e s e  r e s u l t s  d e m o n s t r a t e d  
t h a t  e x c h a n g e a b le  a c i d i t y  was d u e  t o  Al a n d  H i o n s ,  a n d  t h e  c o n t r i b u t i o n  
o f  A l r e l a t i v e  t o  H was g r e a t e s t  i n  t h e  m ore  a c i d  s o i l s .  S i m i l a r  r e s u l t s  
h a v e  b e e n  r e p o r t e d  b y  s e v e r a l  a u t h o r s  (C h e rn o v ,  1947 ; Colem an a n d  
Thom as, 1 967 ;  an d  K a m p ra th ,  1 9 7 2 ) .
The m eans f o r  E xA l,  Al s a t u r a t i o n ,  e x t r a c t a b l e  A l ,  an d  e x t r a c t a b l e  
a c i d i t y  a r e  p r e s e n t e d  i n  T a b le  3 .  The m eans  f o r  t h e  m ix ed  m i n e r a l
g ro u p  do n o t  i n c l u d e  t h e  d a t a  f ro m  t h e  M o re la n d  an d  S e v e rn  s o i l s .  The
d a t a  d e m o n s t r a t e  t h a t  t h e  s o i l s  w i t h  m ix e d  c l a y  m i n e r a l o g y  c o n t a i n e d  
t h e  m ost  ExAl ( 3 . 4  m eq /1 0 0  g o f  s o i l ) ,  w h i l e  s o i l s  w i t h  k a o l i n i t i c  c l a y  
m i n e r a l o g y  w e re  i n t e r m e d i a t e  ( 2 . 1  meq / 1 0 0  g o f  s o i l ) ,  an d  s o i l s  w i t h  
m o n t m o r i l l o n i t i c  c l a y  m i n e r a l o g y  c o n t a i n e d  t h e  l e a s t  ( 0 . 3  m eq /1 0 0  g 







^ E x c h a n g e a b l e  H 
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F i g u r e  7 .  The p r o f i l e  d i s t r i b u t i o n  o f  e x c h a n g e a b le  H, A l ,  






1► •  E x c h a n g e a b le  H
o E x c h a n g e a b l e  A1 








meq / 1 0 0  g
F i g u r e  8 . The p r o f i l e  d i s t r i b u t i o n  o f  e x c h a n g e a b le  H, A l ,  
and  a c i d i t y  i n  t h e  B e a u r e g a r d  s o i l .
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T a b l e  3 .  T he  m eans  o f  e x c h a n g e a b l e  a lu m in u m , a lu m in u m  s a t u r a t i o n ,  
e x t r a c t a b l e  a lu m in u m , an d  e x t r a c t a b l e  a c i d i t y  i n  2 0  s o i l s  i n  
L o u i s i a n a  g r o u p e d  a c c o r d i n g  t o  c l a y  m i n e r a l o g y .
C la y  
m i n e r a l  g r o u p
E x c h a n g e a b l e
A l
Al
s a t .
E x t r a c t a b l e  
Al a c i d i t y
A l l  s o i l s
m eq / 1 0 0  g 
1 . 4 to o 
^
2 . 1
-m eq / 1 0 0  g ------
8 .7
M o n t m o r i l l o n i t i c 0 . 3 2 1 . 1 6 .5
M ixed* 3 . 4 27 3 .3 8 . 2
K a o l i n i t i c 2 . 1 50 3 . 2 7 . 1
*The M o re la n d  a n d  S e v e r n  s o i l s  w e r e  e x c l u d e d  f ro m  t h e s e  c a l c u l a t i o n s .
T a b l e  4  c o n t a i n s  t h e  s i m p l e  c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  ExAl 
a n d  p l ^ ,  a n d  c l a y  a n d  o r g a n i c  c a r b o n  c o n t e n t  f o r  a l l  t h e  s o i l s  a n d  f o r  
t h e  s o i l s  b y  c l a y  m i n e r a l o g y  g r o u p s .  The pH v a l u e s  d e t e r m i n e d  i n  t h e  
s a l t  s o l u t i o n s  (pHjj a n d  pHga ) h a d  s t a t i s t i c a l  r e l a t i o n s h i p s  s i m i l a r  t o  
pHw (A p p e n d ix  5 ) .  T he  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  pHw m e a s u r e m e n ts  
a r e  u s e d  a s  e x a m p le s  t o  i l l u s t r a t e  pH r e l a t i o n s h i p s .  E x c h a n g e a b l e  A l ,  
e x c h a n g e a b l e  a c i d i t y ,  a n d  A l s a t u r a t i o n  c o r r e l a t i o n s  g e n e r a l l y  e x h i b i t  
t h e  same a s s o c i a t i o n s  (A p p e n d ix  5 ) .  T h e r e f o r e ,  t h e  s t a t i s t i c a l  r e ­
l a t i o n s h i p s  d i s c u s s e d  c o n c e r n i n g  ExA l a l s o  a p p l y ,  i n  p r i n c i p l e ,  t o  e x ­
c h a n g e a b l e  a c i d i t y  a n d  A l  s a t u r a t i o n .
E x c h a n g e a b l e  A l h a d  a  h i g h l y  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  
w i t h  pH^j i n  a l l  s o i l s  a n d  i n  t h e  s o i l s  w i t h i n  e a c h  o f  t h e  m i n e r a l o g y  
g r o u p s .  S o i l s  i n  t h e  m ix e d  m i n e r a l o g y  g ro u p  h a d  a  s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n  b e tw e e n  ExA l a n d  c l a y  c o n t e n t ,  w h i l e  s o i l s  i n  t h e  m o n t-  
m o r i l l o n i t i c  a n d  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p s  d i d  n o t  h a v e  a  s i g n i ­
f i c a n t  r e l a t i o n s h i p  b e tw e e n  t h e s e  two v a r i a b l e s .
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T a b l e  4 .  S i m p l e  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  b e tw e e n  e x c h a n g e a b l e
a lum inum  a n d  p l ^ ,  c l a y  c o n t e n t ,  a n d  o r g a n i c  c a r b o n  c o n t e n t  f o r  2 0  
s o i l s  i n  L o u i s i a n a  g r o u p e d  a c c o r d i n g  t o  c l a y  m i n e r a l o g y .
C lay  
m i n e r a l  g r o u p P«w
C la y
%
O r g a n ic
c a rb o n
%
A l l  s o i l s - 0 . 4 4 * * - 0 . 1 6 - 0 . 1 2
M o n t m o r i l I o n i t e - 0 . 5 3 * *
CTvr—1 *
o1 - 0 . 0 1
M ixed - 0 . 4 9 * * 0 .5 2 * * - 0 .1 6
K a o l i n i t e - 0 . 6 0 * * 0 . 3 2 - 0 . 0 3
* * D e n o te s  s i g n i f i c a n c e  a t  t h e  1 % l e v e l  o f  p r o b a b i l i t y .
A m ore  c o m p r e h e n s i v e  e v a l u a t i o n  o f  t h e  r e l a t i o n s h i p s  b e tw e e n  ExA l 
a n d  pH, a n d  c l a y  a n d  o r g a n i c  c a r b o n  c o n t e n t  w as o b t a i n e d  b y  e x c l u d i n g  
f ro m  t h e  c o r r e l a t i o n s  t h o s e  s o i l s  w h ic h  d i d  n o t  c o n t a i n  E xA l.  T h e s e  
w e r e  t h e  l e a s t  w e a t h e r e d  a n d  d e v e lo p e d  s o i l s  i n  t h e  s t u d y ;  nam e ly  t h e  
Commerce, J e a n e r e t t e ,  M o r e l a n d ,  S e v e r n ,  a n d  S h a r k e y .  I n  m o s t  h o r i z o n s  
t h e  e x c lu d e d  s o i l s  w e re  m o re  t h a n  90% s a t u r a t e d  w i t h  b a s e s ,  h a d  pHw 
v a l u e s  g r e a t e r  t h a n  6 . 0 ,  a n d  h a d  l e s s  t h a n  0 . 3  meq o f  e x c h a n g e a b le  
a c i d i t y  p e r  100 g o f  s o i l .  The r e v i s e d  c o r r e l a t i o n s  a r e  p r e s e n t e d  i n  
T a b l e  5 .  The m a j o r  c h a n g e s  w e re  i n  t h e  m ix e d  c l a y  m i n e r a l  g r o u p ,  w h e r e  
t h e  c o r r e l a t i o n  c o e f f i c i e n t s  showed s t r o n g e r  s i g n i f i c a n t  r e l a t i o n s h i p s  
b e tw e e n  ExAl a n d  pHw ( - 0 . 4 9 * *  v e r s u s  - 0 . 6 2 * * ) ,  an d  b e t w e e n  ExAl and  
c l a y  c o n t e n t  ( 0 . 5 2 * *  v e r s u s  0 . 7 7 * * ) .  P o s s i b l e  r e a s o n s  f o r  t h e  c h a n g e  
i n  c o r r e l a t i o n  c o e f f i c i e n t s  c a n  be  a s c e r t a i n e d  by  e x a m i n in g  t h e  c h a n g e  
i n  t h e  m eans  o f  t h e  v a r i a b l e s  d u e  t o  s a m p le  e x c l u s i o n  ( T a b le s  6  a n d  7 ) .  
I n  t h e  m ix e d  m i n e r a l o g y  g r o u p ,  t h e  a v e r a g e  q u a n t i t y  o f  ExAl i n c r e a s e d  
f ro m  2 .5  t o  3 . 4  m eq /1 0 0  g o f  s o i l ,  w h i l e  c l a y  a n d  o r g a n i c  c a rb o n  c o n t e n t
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r e m a in e d  e s s e n t i a l l y  u n c h a n g e d .  T h e r e f o r e ,  a s  a  g r o u p ,  t h e  s a m p le s  
c o n t a i n e d  m ore  ExAl a n d  c o n s e q u e n t l y  h a d  s t r o n g e r  s t a t i s t i c a l  a s s o c i ­
a t i o n s  b e tw e e n  ExAl an d  pHw a n d  c l a y  c o n t e n t .  The r e l a t i o n s h i p s  
b e tw e e n  ExAl and  pHw a r e  show n g r a p h i c a l l y  i n  F i g u r e  9 .  T h e s e  g r a p h s  
d e m o n s t r a t e  t h a t  ExAl was m o s t  r e s p o n s i v e  t o  pHw c h a n g e s  i n  t h e  m ix ed  
m i n e r a l o g y  g r o u p .
T a b l e  5 .  S im p le  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  b e tw e e n  e x c h a n g e a b l e
a lu m in u m  a n d  pHw, c l a y  c o n t e n t ,  a n d  o r g a n i c  c a r b o n  c o n t e n t  f o r  15 
s o i l s  i n  L o u i s i a n a  g r o u p e d  a c c o r d i n g  t o  c l a y  m i n e r a l o g y
C la y  
m i n e r a l  g ro u p PHw
C la y
%
O r g a n ic
c a r b o n
%
A l l  s o i l s - 0 . 4 4 * * 0 .0 8 - 0 . 0 9
M o n t m o r i l l o n i t e - 0 . 5 1 * * - 0 . 2 2 0 .1 5
Mixed - 0 . 6 2 * * 0 .7 7 * * - 0 . 1 6
K a o l i n i t e - 0 . 6 0 * * 0 .3 2 - 0 . 0 3
"""D eno tes  s i g n i f i c a n c e  a t  t h e  1 % l e v e l  o f  p r o b a b i l i t y .
— ^ T h e s e  c o r r e l a t i o n s  w e r e  c o m p u te d  o n  t h o s e  s o i l s  w h ic h  c o n t a i n e d  
m e a s u r a b l e  q u a n t i t i e s  o f  e x c h a n g e a b l e  A l .
T he r e g r e s s i o n  c o e f f i c i e n t s  a n d  p r e d i c t i o n  e q u a t i o n s  f o r  t h e  
r e l a t i o n s h i p s  b e tw e e n  ExAl a n d  pHw> a *id c l a y  a n d  o r g a n i c  c a r b o n  c o n t e n t  
a r e  shown b y  e q u a t i o n s  1 t h r o u g h  4 .
1 -  F o r  a l l  s o i l s .
(1 )  ExAl = 1 3 .2 7 5  +  0 . 0 3 9  (% c l a y )  -  2 . 1 7 0  pHw -  1 .0 4 6  (7, c a r b o n )
R = 0 .5 0 2 * *
2 -  F o r  s o i l s  i n  t h e  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  g r o u p .
(2 )  ExAl = 3 .5 0 4  -  0 . 0 0 9  (7o c l a y )  -  0 .4 3 8  pH^ -  0 .3 4 1  (7. c a r b o n )  
r  = 0 .5 7 3 * *
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T a b l e  6 . The m e a n s  o f  p H ^  c l a y  c o n t e n t ,  o r g a n i c  c a rb o n  c o n t e n t ,
e x c h a n g e a b le  a lum inum , a n d  a lum inum  s a t u r a t i o n  f o r  2 0  s o i l s  i n  
L o u i s i a n a  g r o u p e d  a c c o r d i n g  t o  c l a y  m i n e r a l o g y .
C lay  O r g a n i c  E x c h a n g e a b le  Al
m i n e r a l  g ro u p  pHw C la y  c a r b o n  Al s a t .









Mon tm o r  i l l o n i t e 5 .7 3 6 .7 0 . 5 0 .3 2
M ixed 5 .3 2 1 .4 0 . 3 2 .5 2 0
K a o l i n i t e 5 .0 1 4 .8 0 . 4 2 . 1 50
T a b l e  7 .  The m e a n s  o f  pH^,, c l a y  c o n t e n t ,  o r g a n i c  c a rb o n  c o n t e n t ,
e x c h a n g e a b le  a lum inum , a n d  a lum inum  s a t u r a t i o n  f o r  15 s o i l s  i n  
L o u i s i a n a  g r o u p e d  a c c o r d i n g  t o  c l a y  m i n e r a l o g y . *
C lay  
m i n e r a l  g roup PH™ C la v
O r g a n ic
c a r b o n
E x c h a n g e a b le
Al
Al 
s a t .









M o n t m o r i l l o n i  t e 5 .5 3 4 .1 0 . 4 0 .4 3
M ixed 5 .2 2 1 .4 0 . 3 3 . 4 27
K a o l i n i t e 5 .0 1 4 .8 0 . 4 2 . 1 50
dV'T h e s e  d a t a  w e r e  com puted  u s i n g  t h o s e  s o i l s  w h ic h  c o n t a i n e d  m e a s u r a b l e  



















M ixed g r o u p  
A l l  s o i l s
K a o l i n i t i c  g r o u p
Mon tm o r  i 1 l o n i  t  i c  
g ro u p
- 0 . 6 2 2 * *
1 2 . 0 2  - 1 . 8 x  
- 0 .4 3 5 * *
y  = 1 4 . 2 9  -  2 . 3 8 x  
\  r  = - 0 .6 0 3 * *y  = 2 .7 1  -  0 .3 8 s?  , r  = - 0 . 5 1 1 * *
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pH
F i g u r e  9 .  The r e l a t i o n s h i p  b e tw e e n  e x c h a n g e a b l e  a lu m in u m
an d  pHw f o r  a l l  s o i l s  w h ic h  c o n t a i n e d  m e a s u r a b l e  
q u a n t i t i e s  o f  e x c h a n g e a b l e  a lu m in u m .
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3 -  F o r  s o i l s  i n  t h e  m ix e d  c l a y  m i n e r a l  g r o u p .
( 3 )  ExAl = 1 8 .4 9 4  +  0 . 3 4 7  (% c l a y )  -  4 . 2 7 0  p l ^  +  0 . 9 1 3  (7- c a r b o n )
R = 0 .8 6 2 * *
4  -  F o r  s o i l s  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p .
( 4 )  ExAl = 1 4 .0 3 8  +  0 . 0 7 0  (% c l a y )  -  2 . 5 1 8  pHw -  0 . 1 2 3  <% c a r b o n )
R = 0 .7 0 0 * *
T h e s e  r e l a t i o n s h i p s  w e r e  a n a l y z e d  f o r  a l l  s o i l s  w h ic h  c o n t a i n e d  
m e a s u r a b l e  q u a n t i t i e s  o f  E x A l ,  a n d  f o r  t h e  s o i l s  i n  e a c h  c l a y  m i n e r a l  
g r o u p .  T he  a s s o c i a t i o n s  w e r e  s i m i l a r  t o  t h e  s i m p l e  c o r r e l a t i o n  and 
r e g r e s s i o n  a n a l y s e s  p r e s e n t e d  e a r l i e r .  I n  t h i s  a n a l y s i s ,  t h e  r e l a t i o n ­
s h i p s  w e r e  a g a i n  h i g h l y  s i g n i f i c a n t  i n  a l l  c l a y  m i n e r a l  g r o u p s ,  w i th  
t h e  m ix e d  m i n e r a l o g y  g r o u p  h a v i n g  t h e  s t r o n g e s t  a s s o c i a t i o n  
(R  = 0 . 8 6 2 * * ) .
The s im p l e  c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  ExAl a n d  pH f o r  a l l  
t h e  s o i l s  i n  t h e  s tu d y  a r e  g i v e n  i n  T a b l e  8 . E x c h a n g e a b l e  A l  was 
n e g a t i v e l y  c o r r e l a t e d  w i t h  pH a n d  t h e  c o r r e l a t i o n s  w e re  s i g n i f i c a n t  a t  
t h e  1% l e v e l  o f  p r o b a b i l i t y .  I n  a d d i t i o n ,  ExA l h a d  a  s t r o n g e r  c o r r e ­
l a t i o n  w i t h  t h e  pH v a l u e s  d e t e r m i n e d  i n  t h e  s a l t  s o l u t i o n s  t h a n  i n  
w a t e r .  P i o n k e  an d  C o rey  ( 1 9 6 7 )  a l s o  r e p o r t e d  s t r o n g e r  c o r r e l a t i o n s  
b e tw e e n  ExAl an d  pHj, t h a n  w i t h  p ^  v a l u e s .  T h e y  a l s o  r e p o r t e d
r e l a t i o n s h i p s  b e tw e e n  ExAl a n d  c l a y  a n d  o r g a n i c  c a r b o n  c o n t e n t  s i m i l a r
t o  t h o s e  o b t a i n e d  i n  t h i s  s t u d y .  I n  c o n t r a s t ,  R eeve  a n d  Sum ner (1 9 7 1 )  
a t t r i b u t e d  t h e  c o n t r o l  o f  E xA l i n  N a t a l  O x i s o l s  t o  t h e  n e t  CEC and
e x c h a n g e a b l e  b a s e s  r a t h e r  t h a n  pH, o r  o n l y  s e c o n d a r i l y  t o  pH. The s o i l s
i n  t h e i r  w o rk  w e re  O x i s o l s  w h i c h  c h a r a c t e r i s t i c a l l y  h a v e  l a r g e  
q u a n t i t i e s  o f  s e s q u i o x i d e s  a n d  l i t t l e ,  i f  a n y ,  p h y l l o s i l i c a t e  c l a y  
m i n e r a l s .  The s o i l s  i n  t h i s  s t u d y  h a d  l a r g e  q u a n t i t i e s  o f
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T a b l e  8 - S im p le  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  b e t w e e n  e x c h a n g e a b l e
a lu m in u m  an d  pHw, pH(ja , a n d  pH^ f o r  20 s o i l s  i n  L o u i s i a n a  g r o u p e d  
a c c o r d i n g  t o  c l a y  m i n e r a l o g y .
Mineral group PHw pH ca P %
All soils - 0 . 4 2 * * - 0 . 4 9 * * - 0 .4 6 * *
Montmorillonite - 0 . 5 3 * * - 0 . 5 9 * * - 0 .6 2 * *
Mixed - 0 . 4 9 * * - 0 . 5 3 * * - 0 .4 7 * *
Kaolinite - 0 . 6 0 * * - 0 . 8 3 * * - 0 .7 8 * *
* *  D e n o t e s  s i g n i f i c a n c e  a t  t h e  1% l e v e l  o f  p r o b a b i l i t y .
p h y l l o s i l i c a t e  c l a y s  i n  r e l a t i o n  t o  q u a n t i t i e s  o f  o x i d e s .  A n o t h e r  f a c t o r  
may h a v e  b e e n  d i f f e r e n c e s  i n  t h e  m e th o d s  e m p lo y e d  t o  d e t e r m i n e  CEC i n  
t h e  two s t u d i e s .  N e v e r t h e l e s s ,  t h e  e v i d e n c e  o b t a i n e d  i n  t h i s  s t u d y  
i d e n t i f i e d  pH a s  t h e  m a jo r  f a c t o r  r e l a t e d  t o  E xA l i n  t h e s e  s o i l s .
O t h e r  f a c t o r s  i n v o l v e d  w e re  c l a y  c o n t e n t ,  c l a y  m i n e r a l  t y p e ,  a n d  o r g a n i c  
c a r b o n  c o n t e n t .  C o lem an  an d  Thom as ( 1 9 6 7 ) ,  K a m p ra th  ( 1 9 7 2 ) ,  a n d  P io n k e  
a n d  C o r e y  (1967)  h a v e  i d e n t i f i e d  t h e s e  same c o m p o n e n ts  a s  t h e  m o s t  
i m p o r t a n t  o n e s  r e l a t e d  t o  ExAl i n  s o i l s .  O t h e r  r e s e a r c h e r s  (Adams and  
L u n d ,  1 9 6 7 ;  P e a r s o n ,  1 9 7 5 ;  an d  R a g l a n d  and  C o le m a n ,  1959) i d e n t i f i e d  
i o n i c  r a t i o s  o n  t h e  s o i l  e x c h a n g e  co m p le x  an d  s a l t  t y p e  a n d  c o n c e n t r a ­
t i o n  a s  a d d i t i o n a l  f a c t o r s  w h ic h  h e l p  d e t e r m i n e  t h e  q u a n t i t i e s  o f  ExAl 
i n  s o i l s .  P e r h a p s  f u t u r e  r e s e a r c h  c o n c e r n i n g  A l  r e l a t i o n s h i p s  i n  s o i l s  
i n  L o u i s i a n a  c a n  i n c l u d e  i n v e s t i g a t i o n s  a im ed  a t  d e t e r m i n i n g  r e l a t i o n ­
s h i p s  b e tw e e n  Al a n d  o t h e r  e x c h a n g e a b l e  c a t i o n s  , a s  w e l l  a s  a n i o n s  such  
a s  PO4 , SO ^, and  C l .
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The c o r r e l a t i o n  c o e f f i c i e n t  v a r i a t i o n  p r o v i d e s  a d d i t i o n a l  i n ­
f o r m a t i o n  c o n c e r n i n g  t h e  r e l a t i o n s h i p s  b e tw e e n  t h e  d i f f e r e n t  m e a s u r e ­
m e n ts  a n d  c l a y  m i n e r a l o g y  d i s c u s s e d  o n  p a g e  5 6 .  The s o i l s  i n  t h e  
m o n t m o r l l l o n i t i c  g ro u p  h a d  a  s t r o n g e r  a s s o c i a t i o n  w hen ExAl was 
c o r r e l a t e d  w i t h  pHj^, W h i le  s o i l s  i n  t h e  k a o l i n i t i c  m i n e r a l  g r o u p  h a d  
a  s t r o n g e r  r e l a t i o n s h i p  w hen ExAl w as c o r r e l a t e d  w i t h  pHj,a . T h e s e  
r e s u l t s  s u g g e s t  t h a t  ExA l may b e  a  m a j o r  f a c t o r  i n  t h e  p r e v i o u s l y  
d e s c r i b e d  d i f f e r e n c e s  b e tw e e n  t h e  p l ^ ,  pHj^, an d  pH^a  v a l u e s  i n  s o i l s  
i n  t h e  m o n t m o r i l l o n i t i c  a n d  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p s .
The s t a t i s t i c a l  a n a l y s e s  p r e s e n t e d  t h r o u g h o u t  t h i s  c h a p t e r  an d  
i n  A p p e n d ix  5 i n d i c a t e  t h a t  a  l a r g e  num ber o f  v a r i a b l e s  w e re  s i g n i f i ­
c a n t l y  r e l a t e d  a t  t h e  17, a n d / o r  57, l e v e l  o f  p r o b a b i l i t y .  The 
c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  q u i t e  s m a l l  f o r  some o f  t h e  s i g n i f i ­
c a n t l y  r e l a t e d  v a r i a b l e s .  The r e l a t i v e l y  s m a l l  d e g r e e  o f  a s s o c i a t i o n  
w as e x p e c t e d  i n  many c a s e s  b e c a u s e  o f  t h e  num ber o f  f a c t o r s  known t o  
i n f l u e n c e  some o f  t h e  v a r i a b l e s ,  f o r  e x a m p le ,  pH, c l a y  c o n t e n t ,  
o r g a n i c  m a t t e r  c o n t e n t ,  a n d  k i n d s  o f  c l a y  m i n e r a l s  i n f l u e n c e  t h e  
q u a n t i t i e s  o f  E x A l.  T h e s e  f a c t o r s  c a n  v a r y  i n d e p e n d e n t l y ,  a n d  w id e  
r a n g e s  i n  c h a r a c t e r i s t i c s  a n d  c o m b i n a t i o n s  o f  c h a r a c t e r i s t i c s  a r e  
p o s s i b l e  a s  h a s  b e e n  d e m o n s t r a t e d  b y  t h e  r e s u l t s  o f  t h i s  s t u d y .  Be­
c a u s e  o f  t h e  l a r g e  num ber  (1 3 0 )  o f  s a m p l e s ,  t h e  n a t u r e  o f  t h e  r e l a t i o n ­
s h i p s  c o u l d  b e  e v a l u a t e d .  The s m a l l  c o r r e l a t i o n  c o e f f i c i e n t  b e tw e e n  
s i g n i f i c a n t l y  r e l a t e d  v a r i a b l e s  i n d i c a t e s  t h a t  a  r e l a t i v e l y  s m a l l  p e r ­
c e n t a g e  o f  t h e  v a r i a t i o n  i n  t h e  d e p e n d e n t  v a r i a b l e  i s  a c c o u n t e d  f o r  by  
v a r i a t i o n  i n  t h e  i n d e p e n d e n t  v a r i a b l e .  T h i s  i s  a n  e x p e c t e d  r e s u l t  
i n  p o p u l a t i o n  s a m p le s  i n  w h ic h  a  num ber  o f  f a c t o r s  c a n  s i m u l t a n e o u s l y
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i n f l u e n c e  t h e  v a r i a b l e s .  I n  t h e  m ix e d  c l a y  m i n e r a l  g r o u p  o f  s o i l s  i n  
t h i s  s t u d y  a p p r o x i m a t e l y  287„ a n d  277,, o f  t h e  v a r i a t i o n  i n  ExAl c a n  b e  
a c c o u n t e d  f o r  b y  t h e  v a r i a t i o n  i n  pHq3  a n d  c l a y  c o n t e n t ,  r e s p e c t i v e l y .
The m e th o d s  o f  s t a t i s t i c a l  a n a l y s e s  u s e d  a ssu m e  a  l i n e a r  r e l a t i o n ­
s h i p  b e tw e e n  t h e  v a r i a b l e s .  A d d i t i o n a l  s t a t i s t i c a l  a n a l y s e s  a r e  
p l a n n e d  i n  w h ic h  r e l a t i o n s h i p s  w i l l  b e  e v a l u a t e d  b y  n o n l i n e a r  s t a t i s ­
t i c a l  m e t h o d s .  P o s s i b l y ,  t h e s e  a n a l y s e s  w i l l  g i v e  m ore  d e f i n i t i v e  
i n f o r m a t i o n  c o n c e r n i n g  t h e  r e l a t i o n s h i p s  b e tw e e n  v a r i a b l e s  s u c h  a s  
o r g a n i c  m a t t e r  c o n t e n t  a n d  ExA l i n  w h ic h  s i g n i f i c a n t  r e l a t i o n s h i p s  w e re  
n o t  shown t o  e x i s t  by  t h e  m e th o d s  u s e d .  P o in k e  and  C o re y  (1 9 6 7 )  
h y p o t h e s i z e d  t h a t  some s i m i l a r  r e l a t i o n s h i p s  w e re  n o t  l i n e a r  i n  s o i l s  
t h e y  s t u d i e d .  E v i d e n t l y ,  t h i s  i s  t h e  c a s e  i n  t h i s  s t u d y .  T h o s e  r e ­
l a t i o n s h i p s  i n  w h ic h  pH a n d / o r  m e a s u r e d  q u a n t i t i e s  o f  A l a r e  v a r i a b l e s  
may b e  n o n l i n e a r .  T h i s  i s  d e m o n s t r a t e d  i n  F i g u r e  10 w h e r e  t h e  a c t u a l  
d a t a  p o i n t s  a n d  t h e  s t a t i s t i c a l  p r e d i c t i o n  e q u a t i o n  f o r  ExA l i s  g r a p h e d  
a s  a  f u n c t i o n  o f  pHj^. A c u r s o r y  i n s p e c t i o n  o f  t h e  f i g u r e  i n d i c a t e s  
t h a t  t h e  r e l a t i o n s h i p  i s ,  i n  f a c t ,  n o n l i n e a r .  The r e l a t i o n s h i p  may b e  
a p p r o x i m a t e l y  l i n e a r  o v e r  l i m i t e d  pHw r a n g e s  b u t ,  o v e r  t h e  b r o a d  r a n g e  
o f  pHw v a l u e s  i n  t h e  s t u d y ,  a  n o n l i n e a r  r e l a t i o n s h i p  i s  a p p a r e n t .  I t  
i s  t h i s  w r i t e r ' s  o p i n i o n  t h a t  a  num ber o f  t h e  r e l a t i o n s h i p s  e v a l u a t e d  
i n  t h i s  s t u d y  w i l l  h a v e  im p r o v e d  c o r r e l a t i o n s  when a n a l y z e d  b y  n o n ­
l i n e a r  s t a t i s t i c a l  t e c h n i q u e s .  The a d d i t i o n a l  s t a t i s t i c a l  a n a l y s e s  
m i g h t  a l s o  i n c l u d e  e v a l u a t i o n s  o f  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  m e a s u re d  
q u a n t i t i e s  o f  A l an d  a c i d i t y  a n d  t h e  c o n c e n t r a t i o n  o f  b a s i c  c a t i o n s  
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Figure 10 . The statistical prediction equation and actual data 
points for exchangeable aluminum as a function of 
pHw for soils in the montmorillonitic clay mineral 
group.
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A d d i t i o n a l  a n a l y s i s  o f  t h e  A l s t a t u s  was a c c o m p l i s h e d  b y  e x ­
p r e s s i n g  ExAl q u a n t i t i e s  a s  p e r c e n t  s a t u r a t i o n  o f  t h e  e f f e c t i v e  CEC. 
E f f e c t i v e  CEC was o b t a i n e d  by  summing t h e  e x c h a n g e a b l e  b a s e s  a n d  N KCl 
e x c h a n g e a b l e  a c i d i t y .  The r e s u l t s  d e m o n s t r a t e d  t h a t  a l l  h o r i z o n s  w i t h  
p l ^  g r e a t e r  t h a n  5 . 5  h a d  l e s s  t h a n  10% Al s a t u r a t i o n  (A p p e n d ix  2 ) .  A l l  
b u t  tw o  h o r i z o n s  w i t h  pK^ v a l u e s  o f  l e s s  t h a n  5 . 1  w e re  m ore  t h a n  40% 
s a t u r a t e d  w i t h  A l .  The f o u r  s o i l s  f ro m  t h e  F l a tw o o d s  s o i l  a r e a  
( B e a u r e g a r d ,  C addo , M y a t t ,  a n d  S to u g h )  h a d  m o re  t h a n  50% Al s a t u r a t i o n  
t h r o u g h o u t  t h e  u p p e r  1 0 0  cm o f  t h e i r  p r o f i l e s ,  e x c e p t  f o r  t h e  s u r f a c e  
h o r i z o n  o f  t h e  B e a u r e g a r d  w h ic h  d i d  n o t  c o n t a i n  m e a s u r a b l e  q u a n t i t i e s  
o f  E x A l .  Coleman e t  a l .  (1 9 5 9 )  r e p o r t e d  f i n d i n g  s i m i l a r  p r o f i l e  
d i s t r i b u t i o n s  o f  ExA l i n  h i g h l y  w e a t h e r e d  s o i l s ,  a n d  K a m p ra th  (1970)  
o b s e r v e d  a n a lo g o u s  pH -A l s a t u r a t i o n  r e l a t i o n s h i p s .
The Al s a t u r a t i o n  o f  t h e  s o i l s  e x h i b i t e d  b a s i c a l l y  t h r e e  p r o f i l e  
t r e n d s .  The M y a t t  a n d  S to u g h  s o i l s  h a d  h i g h ,  n e a r l y  u n i f o r m  A l  s a t u ­
r a t i o n s  t h r o u g h o u t  t h e i r  p r o f i l e s .  The C addo , C a lh o u n ,  a n d  H e b e r t  
s o i l s  e x h i b i t e d  maximum Al s a t u r a t i o n s  i n  t h e  A2 h o r i z o n ,  w i t h  s a t u ­
r a t i o n  d e c r e a s i n g  w i t h  d i s t a n c e  f ro m  t h e  A2  • r e m a in i n g  s o i l s  h a d
maximum Al s a t u r a t i o n  w i t h i n  t h e  B t  h o r i z o n s  w i t h  d e c r e a s i n g  s a t u r a t i o n  
i n  h o r i z o n s  a b o v e  a n d  b e lo w  t h e  B t .
The s o i l s  w i t h  p r e d o m i n a n t l y  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l s  h a d  
t h e  l o w e s t  a v e r a g e  A l  s a t u r a t i o n  (3%), w h i l e  s o i l s  i n  t h e  m ix e d  m i n e r a l  
g r o u p  a v e r a g e d  27% ( T a b le  7) . The  low  Al s a t u r a t i o n  i n  t h e  m o n tm o r i l ­
l o n i t i c  g ro u p  m i g h t  b e  e x p e c t e d  s i n c e  t h e s e  s o i l s  h a d  r e l a t i v e l y  h i g h  
b a s e  s a t u r a t i o n s  a n d  a  r e l a t i v e l y  h i g h  a v e r a g e  pH^ o f  5 .5  . T h i s  pH^ 
i s  a b o v e  t h a t  a t  w h ic h  a p p r e c i a b l e  a m o u n ts  o f  E xA l w ou ld  b e  e x p e c t e d .
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A lth o u g h  s o i l s  i n  t h e  m ixed  c l a y  m i n e r a l  g ro u p  h a d  t h e  h i g h e s t  a v e r a g e  
q u a n t i t i e s  o f  E xA l, t h e  s o i l s  i n  t h e  k a o l i n i t i c  g ro u p  h ad  t h e  h i g h e s t  
a v e r a g e  Al s a t u r a t i o n  (50%) . Even  th o u g h  t h e  s o i l s  i n  t h e  m ixed  
g ro u p  h a v e  m ore  ExA l, t h e y  a l s o  h a v e  m ore e x c h a n g e a b le  b a s e s ,  a  h i g h e r  
CEC, and  a  s l i g h t l y  h i g h e r  p l ^  ( T a b le  2 ) .
The l i t e r a t u r e  r e v i e w  i n d i c a t e d  t h a t  t h e r e  a r e  two d i f f e r i n g  v ie w ­
p o i n t s  c o n c e r n i n g  t h e  m o s t  r e l i a b l e  m eth o d  f o r  d e t e r m i n i n g  t o x i c  l e v e l s  
o f  Al i n  s o i l s .  One i s  b a s e d  on  t h e  a b s o l u t e  q u a n t i t y  o f  Al m e a s u r e d ,  
w h i l e  t h e  o t h e r  i s  b a s e d  on t h e  p e r c e n t  A l s a t u r a t i o n  o f  t h e  e x c h a n g e  
com plex . I f  t h e  d e g r e e  o f  Al s a t u r a t i o n  o f  t h e  s o i l  i s  u s e d  a s  a  g u id e  
t o  t o x i c i t y  l e v e l s ,  t h e  r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e  t h a t  A l t o x i c i t y  
c o u ld  be  e x p e c t e d  a t  h i g h e r  pH v a l u e s  an d  lo w e r  l e v e l s  o f  ExAl i n  s o i l s  
w i t h  p r e d o m i n a n t l y  k a o l i n i t i c  c l a y  m i n e r a l s  t h a n  i n  s o i l s  w i t h  o t h e r  
c l a y  m i n e r a l  t y p e s  p r e d o m i n a t i n g .  Adams and  Lund (1967 )  fo u n d  t h i s  t o  
be t h e  c a s e  i n  t h e i r  w ork  w i t h  s o i l s  h a v i n g  d i f f e r e n t  c l a y  m i n e r a l  
f r a c t i o n s .
R e s e a r c h  h a s  n o t  b e e n  c o n d u c te d  w i t h  p l a n t s  t o  d e t e r m i n e  i f ,  o r  t o  
w h a t  e x t e n t ,  Al t o x i c i t y  i s  a  p ro b le m  i n  L o u i s i a n a  s o i l s .  T h u s ,  d a t a  
a r e  n o t  a v a i l a b l e  r e l a t i n g  t o x i c i t y  t o  l e v e l s  o f  A l e x t r a c t e d  by  
d i f f e r e n t  m e th o d s .  T o x i c i t y  l e v e l s  h a v e  b e e n  e s t a b l i s h e d  by  i n v e s t i ­
g a t o r s  w o r k in g  w i t h  m i n e r a l  s o i l s  i n  o t h e r  a r e a s .  On t h e  b a s i s  o f  
t o x i c i t y  g u i d e l i n e s  s u g g e s t e d  b y  A b r u n a -R o d r ig u e z  e t  a l .  ( 1 9 7 0 ) ,  
K am prath  ( 1 9 7 0 ) ,  and  Reeve and  Sumner ( 1 9 7 0 b ) ,  t h e  20 s o i l s  i n c l u d e d  
i n  t h i s  s t u d y  w e re  t e n t a t i v e l y  g r o u p e d  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s .
(1 )  S o i l s  w h ic h  c o n t a i n e d  no m e a s u r a b l e  q u a n t i t i e s  o f  ExAl
a n d  t h e r e f o r e  w ou ld  n o t  r e s u l t  i n  t o x i c i t y  p ro b le m s  e v e n  
w i t h  s u s c e p t i b l e  c r o p s  s u c h  a s  g r a i n  so rghum  o r  r y e .  The
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Commerce, Jeanerette, Moreland, Severn, and Sharkey soils 
were in this group.
( 2 )  S o i l s  w i t h  s u f f i c i e n t  a m o u n ts  o f  ExAl w i t h i n  th e  r o o t i n g  
d e p th  o f  m o s t  p l a n t s  t o  p o s s i b l y  b e  t o x i c  t o  r e l a t i v e l y  
n o n r e s i s t a n t  c ro p s  s u c h  a s  c o t t o n  an d  a l f a l f a .  The 
A l l i g a t o r ,  C row ley , L o r i n g ,  and Mowata s o i l s  c o m p r i s e d  t h i s  
g ro u p .  T h e s e  s o i l s  h a d  l e s s  t h a n  1 .5  meq o f  ExAl p e r  100 g 
o f  s o i l  a n d  l e s s  t h a n  10% Al s a t u r a t i o n .
( 3 )  S o i l s  w h ic h  c o n ta i n e d  s u f f i c i e n t  ExAl w i t h i n  p l a n t  r o o t i n g  
d e p th  t o  b e  t o x i c  t o  m o d e r a t e l y  r e s i s t a n t  c ro p s  s u c h  a s  
s o y b e a n s .  The A c a d ia ,  D undee , O l i v i e r ,  and R u s to n  s o i l s  
c o m p r is e d  t h i s  g r o u p .  T h e s e  s o i l s  h a d  up to  2 . 4  meq o f  ExAl 
p e r  100 g o f  s o i l  and  b e tw e e n  10 a n d  30% Al s a t u r a t i o n .
(4 )  S o i l s  w i t h  a d e q u a te  q u a n t i t i e s  o f  ExA l w i t h i n  n o rm a l  p l a n t  
r o o t i n g  d e p t h s  t o  b e  t o x i c  t o  h i g h l y  r e s i s t a n t  c r o p s  su ch  
a s  c o r n .  I n c lu d e d  i n  t h i s  group  w e re  t h e  B e a u r e g a r d ,  
B o s w e l l ,  Caddo, C a lh o u n ,  H e b e r t ,  M y a t t ,  and S to u g h  s o i l s .  
These  s o i l s  w ere  a t  l e a s t  50% s a t u r a t e d  w i t h  Al a n d ,  
e x c e p t  f o r  one  s o i l ,  c o n t a i n e d  m ore t h a n  3 .5  meq o f  ExAl 
p e r  1 0 0  g  a t  d e p th s  w i t h i n  t h e  r o o t i n g  zone o f  m o s t  
a g ro n o m ic  c r o p s .
T h ese  r e s u l t s  d e m o n s t r a t e  a  n e e d  f o r  a d d i t i o n a l  l a b o r a t o r y  and  
f i e l d  s t u d i e s  o f  A l i n  s o i l s  i n  L o u i s i a n a .  S o i l s  w i t h  pH„ v a l u e s  
b e tw e e n  5 .5  and  6 . 0 ,  and  p a r t i c u l a r l y  t h o s e  w i t h  pHw v a l u e s  o f  l e s s  
t h a n  5 . 5 ,  s h o u ld  b e  i n v e s t i g a t e d  i n  more d e t a i l .  F i e l d  an d  g r e e n h o u s e  
r e s e a r c h  i s  n e e d e d  t o  d e te r m in e  i f  A l t o x i c i t y  i s  a  p ro b le m  i n  c ro p  
p r o d u c t i o n  on t h e s e  s o i l s  a n d ,  i f  s o ,  w ha t  o t h e r  s o i l  p r o p e r t i e s  a r e
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r e l a t e d  t o  t h e s e  c o n d i t i o n s .  I f  t o x i c i t y  p r o b le m s  a r e  shown t o  e x i s t ,  
r e s e a r c h  w i l l  b e  n e e d e d  t o  e v a l u a t e  m e th o d s  f o r  d e t e r m i n i n g  t o x i c  Al 
l e v e l s  f o r  d i f f e r e n t  c r o p s  an d  s o i l s .  The l a r g e  q u a n t i t i e s  o f  ExAl i n  
t h e  A2 o r  u p p e r  B h o r i z o n s ,  i n d i c a t e  t h a t  r e s e a r c h  i s  n e e d e d  t o  exam ine  
l im e  r e q u i r e m e n t  an d  o t h e r  p o s s i b l e  t r e a t m e n t s  a s  w e l l  a s  p o s s i b l e  
a p p l i c a t i o n  m e th o d s  f o r  s u b s o i l  h o r i z o n s .  F u r t h e r  e x a m i n a t i o n  o f  
r e l a t i o n s h i p s  b e tw e e n  fo rm s  o f  A l ,  s o i l  m i n e r a l s ,  a n d  t h e  e x c h a n g e  
c h e m i s t r y  o f  t h e  s o i l s  a r e  e s p e c i a l l y  n e e d e d .
E x t r a c t a b l e  a lu m in u m . The e x t r a c t a b l e  A l ( E x tA l )  d a t a  i n  A p p e n d ix  
2 w e re  o b t a i n e d  b y  m e a s u r in g  t h e  A l l e a c h e d  f ro m  t h e  s o i l  w i t h  N NH^OAc 
b u f f e r e d  a t  pH 4 . 8 .  C olem an a n d  Thomas ( 1 9 6 7 ) ,  McLean ( 1 9 6 5 ) ,  P io n k e  
an d  C orey  ( 1 9 6 7 ) ,  an d  P r a t t  a n d  B l a i r  (1967 )  i d e n t i f i e d  E x A l,  f r e s h l y  
p r e c i p i t a t e d  A l ( 0 H)3 , h y d r o x y - A l  p o l y m e r s ,  an d  Al c o m p le x ed  b y  o r g a n i c  
m a t t e r  a s  t h e  c o m p o n e n ts  e x t r a c t e d  w i t h  t h i s  s o l u t i o n .
The r a n g e  i n  E x tA l  was f ro m  0 . 4  m eq /100  g i n  t h e  Commerce s o i l  t o
1 4 .1  m eq /1 0 0  g i n  t h e  B o s w e l l  s o i l .  G e n e r a l l y ,  s o i l s  w i t h  pHw v a l u e s  
o f  l e s s  t h a n  5 . 5  h a d  t h e  m o s t  E x tA l .  The am oun t o f  E x tA l  w as g e n e r a l l y  
g r e a t e r  t h a n  ExAl an d  e x c h a n g e a b le  a c i d i t y ,  b u t  l e s s  t h a n  e x t r a c t a b l e  
a c i d i t y  ( F i g u r e  11) i n  a l l  e x c e p t  t h e  B o s w e l l  s o i l .
The q u a n t i t i e s  o f  E x tA l  v a r i e d  w i t h  d e p t h  i n  t h e  s o i l s .  The m a jo r  
k i n d s  o f  v a r i a t i o n s  a r e  i l l u s t r a t e d  b y  t h e  S h a r k e y ,  O l i v i e r  a n d  M y a tt  
s o i l s  i n  F i g u r e  12 . The Commerce, M o re la n d ,  S e v e r n ,  and  S h a r k e y  s o i l s  
d e v e lo p e d  i n  r e c e n t  a l l u v i u m  h a d  no m ore  t h a n  1 . 0  m eq /1 0 0  g o f  E x tA l  
t h r o u g h o u t .  The C a lh o u n  and  M y a t t  s o i l s  b o t h  h a d  minimum q u a n t i t i e s  o f  
E x tA l  i n  t h e  u p p e r  B t h o r i z o n s  w i t h  l a r g e r  q u a n t i t i e s  i n  h o r i z o n s  h i g h e r  
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E x c h a n g e a b le  a c i d i t y
E x t r a c t a b l e  a lu m in u m





meq / 1 0 0  g
F i g u r e  11 . The p r o f i l e  d i s t r i b u t i o n  o f  e x c h a n g e a b le
a lu m in u m , e x c h a n g e a b l e  a c i d i t y ,  e x t r a c t a b l e  
a lu m in u m , an d  e x t r a c t a b l e  a c i d i t y  i n  t h e  













E x t r a c t a b l e  a lum inum  (m eq /100  g)
F i g u r e  1 2 .  The p r o f i l e  d i s t r i b u t i o n  o f  e x t r a c t a b l e
a lu m in u m  i n  t h e  M y a t t ,  O l i v i e r ,  a n d  S h a rk e y  
s o i l s .
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E x tA l  i n  t h e  u p p e r  B h o r i z o n s  w i t h  d e c r e a s i n g  a m o u n ts  i n  h o r i z o n s  
h i g h e r  a n d  lo w e r  i n  t h e  p r o f i l e .  The E x tA l  c o n t e n t  w as  g r e a t e s t  a t
1 7 .1  m eq /1 0 0  g i n  t h e  s u r f a c e  h o r i z o n  o f  t h e  S tough  s o i l  b u t  was 
s i m i l a r  i n  d i s t r i b u t i o n  t o  s o i l s  i n  t h i s  l a s t  g ro u p  t h r o u g h o u t  t h e  
r e m a in d e r  o f  t h e  so lu m . The u n u s u a l l y  l a r g e  q u a n t i t y  o f  E x tA l  i n  
t h e  s u r f a c e  h o r i z o n  o f  t h e  S to u g h  s o i l  may b e  r e l a t e d  t o  t h e  h ig h  
o r g a n i c  c a r b o n  c o n t e n t  i n  t h a t  h o r i z o n .  H ow ever, s i m i l a r  u n u s u a l l y  
l a r g e  q u a n t i t i e s  o f  E x tA l  w e re  n o t  m e a s u r e d  i n  t h e  s u r f a c e  h o r i z o n s  o f  
t h e  J e a n e r e t t e ,  B e a u r e g a r d ,  M y a t t ,  o r  B o s w e l l  s o i l s  w h ic h  a l s o  h a d  
r e l a t i v e l y  l a r g e  a m o u n ts  o f  o r g a n i c  c a r b o n .
I n  g e n e r a l ,  t h e  r e s u l t s  i n d i c a t e d  t h a t  b o th  E x tA l  an d  ExAl w ere  
g r e a t e s t  i n  t h e  m ore a c i d  s o i l s  i n  t h e  m ix e d  and k a o l i n i t i c  c l a y  
m i n e r a l o g y  g r o u p s .  A y e rs  e t  a l .  (1 9 6 5 )  r e p o r t e d  t h a t  E x tA l  c o n te n t  
i n c r e a s e d  w i t h  i n c r e a s e d  w e a t h e r i n g  o f  s o i l s .  C o m p a r i s o n s  o f  E x tA l 
c o n t e n t s  i n  t h e  S h a r k e y  a n d  t h e  s i m i l a r  b u t  o l d e r  A l l i g a t o r ,  o r  I n  t h e  
Commerce a n d  t h e  o l d e r  D undee  s o i l  i l l u s t r a t e  a  s i m i l a r  r e l a t i o n s h i p  
i n  t h e  s o i l s  i n  t h i s  s t u d y .  The E x tA l  c o n t e n t  was som ew hat  g r e a t e r  
t h a n  ExAl i n  m o s t  o f  t h e  s o i l s  s t u d i e d .  Some h o r i z o n s  o f  t h e  m ore 
a c i d  s o i l s  ( B o s w e l l ,  C addo , C a lh o u n ,  H e b e r t ,  and  S t o u g h )  h a d  l a r g e r  
q u a n t i t i e s  o f  ExAl t h a n  E x t A l .
A m e a s u r e  o f  n o n e x c h a n g e a b le  A l w as o b t a i n e d  b y  s u b t r a c t i n g  ExAl 
f ro m  E x tA l .  T h i s  i s  n e c e s s a r y  b e c a u s e  s i g n i f i c a n t  a m o u n ts  o f  ExAl may 
b e  i n c l u d e d  i n  t h e  E x tA l  c o m p o n e n t ,  a n d  may mask r e l a t i o n s h i p s  b e tw e e n  
n o n e x c h a n g e a b le  Al and  o t h e r  s o i l  p r o p e r t i e s .  T h i s  i s  s u p p o r t e d  by  
t h e  s t a t i s t i c a l  a n a l y s e s  (A p p e n d ix  5 )  w h ic h  d e m o n s t r a t e d  t h a t  e x t r a c t -  
a b l e  and  e x c h a n g e a b l e  Al g e n e r a l l y  h a d  t h e  same r e l a t i o n s h i p s  w i t h  pH
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and c l a y  c o n t e n t .  E x t r a c t a b l e  A l  was a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  
w i t h  o r g a n i c  c a r b o n  c o n t e n t  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p .
How ever, n o n e x c h a n g e a b le  A l  w as n o t  s i g n i f i c a n t l y  c o r r e l a t e d  t o  pH o r  
c l a y  c o n t e n t ,  b u t  was s i g n i f i c a n t l y  c o r r e l a t e d  t o  o r g a n i c  c a r b o n  i n  a l l  
s o i l s  and  i n  s o i l s  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p  ( T a b le  9 ) .
S o i l s  i n  t h i s  m i n e r a l  g ro u p  a r e  r e l a t i v e l y  low  i n  c l a y  c o n t e n t  ( T a b le  2 ) ,  
p a r t i c u l a r l y  i n  s u r f a c e  h o r i z o n s  t h a t  h a v e  l a r g e  a m o u n ts  o f  o r g a n i c  
c a r b o n .  As a  r e s u l t ,  o r g a n i c  m a t t e r  c o n t r i b u t e s  r e l a t i v e l y  m ore  t o  
t h e  c h e m i s t r y  o f  t h e  s y s te m  t h a n  i n  s o i l s  i n  t h e  o t h e r  c l a y  m i n e r a l  
g r o u p s .  N o n e x c h a n g e a b le  A l h a d  a  p o s i t i v e  a s s o c i a t i o n  w i t h  pH 
( T a b le  9 ) .  T h i s  s u p p o r t s  t h e  i n t e r p r e t a t i o n  t h a t  h y d r o x y - A l  com pounds 
a r e  a  s o u r c e  o f  n o n e x c h a n g e a b le  A l .  I t  a l s o  i n d i c a t e s  t h e  p H - d e p e n d e n t  
n a t u r e  o f  t h e  e x c h a n g e a b le  a n d  n o n e x c h a n g e a b le  A l c o m p o n e n ts .  B e s i d e s  
b e i n g  p H - d e p e n d e n t ,  t h e s e  c o m p o n e n ts  a r e  a l s o  d e p e n d e n t  on  c l a y  c o n t e n t  
an d  m i n e r a l  t y p e ,  an d  o r g a n i c  c a r b o n  c o n t e n t .
P io n k e  a n d  C orey  (1 9 6 7 )  o b t a i n e d  a  n e g a t i v e  c o r r e l a t i o n  b e tw e e n  
n o n e x c h a n g e a b le  Al and  pH. T hey  e x p l a i n e d  i t  w as g e n e r a l l y  a c c e p t e d  
t h a t  a t  a  h i g h  s o i l  pH b o t h  e x c h a n g e a b l e  a n d  e x t r a c t a b l e  Al a r e  c o n ­
v e r t e d  t o  A l ( 0 H ) 3 , w h e r e a s  a t  a  low  s o i l  pH (pHw o f  5 . 1 )  much o f  t h e  
n o n e x c h a n g e a b le  Al i s  c o n v e r t e d  t o  E x A l.  T hey  i n t e r p r e t e d  t h e  n e g a t i v e  
r e l a t i o n s h i p  t o  b e  d u e  t o  t h e  a p p l i c a t i o n  o f  l i n e a r  s t a t i s t i c s  t o  a  
s e e m in g ly  p a r a b o l i c  s y s te m ;  t h a t  i s ,  n o n e x c h a n g e a b le  A l e x h i b i t e d  a n  
a p p a r e n t  maximum i n  t h e  pHw r a n g e  o f  5 . 0  t o  5 . 3  a n d  b e lo w  t h i s  pH i t  
i s  p r o b a b l y  c o n v e r t e d  t o  E x A l.
One f a c t o r  w h ic h  p o s s i b l y  l e d  t o  t h e  p o s i t i v e  r e l a t i o n s h i p  
b e tw e e n  n o n e x c h a n g e a b le  A l a n d  pHw i n  t h i s  s t u d y  w as  t h e  l a r g e  r a n g e  
i n  s o i l  pHw ( 4 . 6  t o  8 . 6 ) a s  c o m p ared  t o  t h e  s a m p le s  u s e d  by P io n k e
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T a b l e  9 .  S im p le  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  b e t w e e n  n o n e x c h a n g e a b le  
a lum inum  a n d  p H ^  c l a y  c o n t e n t ,  an d  o r g a n i c  c a r b o n  c o n t e n t  f o r  2 0  
s o i l s  i n  L o u i s i a n a  g r o u p e d  a c c o r d i n g  t o  c l a y  m i n e r a l o g y .
Clay 
mineral group PHw Clay
Organic
carbon
All soils 0 .0 6
%
- 0 . 0 3
%
0 .5 0 * *
Montmorillonite 0 .1 6 0 . 1 7 0 . 0 0
Mixed 0 .3 1 - 0 . 1 8 0 .1 6
Kaolinite 0 .1 4 - 0 . 2 8 0 .8 9 * *
“ “ D e n o te s  s i g n i f i c a n c e  a t  t h e  1% l e v e l  o f  p r o b a b i l i t y .
a n d  C o re y  w h ic h  r a n g e d  f ro m  4 . 8  t o  6 . 2 .  T hey  e x a m in e d  s o i l  s y s te m s  
w h i c h ,  b e c a u s e  o f  t h e i r  l i m i t e d  r a n g e  i n  pH, w e r e  b i a s e d  t o w a r d s  t h e  
E xA l com ponen t  a n d  t h i s  was n o t  t h e  c a s e  i n  t h i s  i n v e s t i g a t i o n .  The 
l a c k  o f  a  b e t t e r  c o r r e l a t i o n  b e t w e e n  n o n e x c h a n g e a b l e  A l  a n d  pH i n  t h i s  
s t u d y  may b e  p a r t i a l l y  due  t o  t h e  a p p l i c a t i o n  o f  l i n e a r  s t a t i s t i c s  t o  a  
n o n l i n e a r  s y s t e m .  H ow ever, a  m o re  i m p o r t a n t  f a c t o r  may h a v e  b e e n  t h e  
l a r g e  num ber o f  s a m p le s  f ro m  a c i d  s o i l  h o r i z o n s  ( 1 5 )  h a v i n g  r e l a t i v e l y  
l a r g e  q u a n t i t i e s  o f  E x tA l  an d  e v e n  l a r g e r  q u a n t i t i e s  o f  E x A l.  I n  
a d d i t i o n ,  c l a y  c o n t e n t s  w e re  r e l a t i v e l y  h i g h  i n  m any o f  t h e s e  h o r i z o n s .  
The v a l u e s  f o r  n o n e x c h a n g e a b le  A l  w e re  o b t a i n e d  b y  s u b t r a c t i n g  ExAl f ro m  
E x t A l .  T h e s e  p a r t i c u l a r  h o r i z o n s  t h e n  h a d  a  lo w  p H - lo w  n o n e x c h a n g e ­
a b l e  Al c o m b i n a t i o n  w h ich  c o u l d  r e s u l t  i n  a  n o n s i g n i f i c a n t  r e l a t i o n s h i p  
b e t w e e n  t h e s e  tw o  v a r i a b l e s  e v e n  th o u g h  t h e  r e l a t i o n s h i p s  b e tw e e n  pH 
a n d  E x A l,  and  pH a n d  E x tA l m i g h t  b e  h i g h l y  s i g n i f i c a n t .
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E x t r a c t a b l e  a c i d i t y . The e x t r a c t a b l e  a c i d i t y  m e a s u re m e n ts  w ere  
made a t  pH 7 . 0  and pH 8 . 0  a s  o u t l i n e d  on p a g e  40  i n  M a t e r i a l s  and  
M e th o d s .  The e x t r a c t a b l e  a c i d i t y  v a l u e s  i n  A p p e n d ix  2 w e re  d e t e r m i n e d  
a t  pH 8 . 0  an d  u n l e s s  o t h e r w i s e  s p e c i f i e d ,  t h i s  d i s c u s s i o n  r e f e r s  t o  
v a l u e s  o b t a i n e d  by t h a t  m e a s u re m e n t .  The a c i d i t y  m e a su re d  i n  t h i s  
d e t e r m i n a t i o n  i n c l u d e s  t h a t  due  t o  e x c h a n g e a b le  Al and  H o b t a i n e d  i n  
t h e  N KC1 e x t r a c t i o n  p l u s  t h a t  d u e  t o  p H -d e p e n d e n t  c h a r g e s  a t  pH 8 . 0 .  
H y droxy -A l i n t e r l a y e r s  an d  s o i l  o r g a n i c  m a t t e r  a r e  i m p o r t a n t  s o u r c e s  o f  
p H - d e p e n d e n t  c h a r g e s .  I t  i s  g e n e r a l l y  a g r e e d  t h a t  c a r b o x y l  a n d  p h e n o l  
g r o u p s  i n  s o i l  o r g a n i c  m a t t e r  a r e  i m p o r t a n t  s o u r c e s  o f  p H -d e p e n d e n t  
c h a r g e .  The f o l l o w i n g  r e a c t i o n s  i n d i c a t e  how t h e s e  r a d i c a l s  c a n  
f u n c t i o n  i n  t h i s  m an n e r .
C a rb o x y l  C00H +  OH- COO" +  H2 0
P h e n o l  C6 H5 OH +  0H_ C6H5 ° ” +  H2 °
The r a n g e  i n  e x t r a c t a b l e  a c i d i t y  was 1 .5  t o  2 3 .0  m eq/100  g o f  
s o i l  i n  a l l  b u t  t h e  c a l c a r e o u s  M o re la n d  and  S e v e rn  s o i l s .  N e g a t i v e  
e x t r a c t a b l e  a c i d i t y  v a l u e s  w e re  o b t a i n e d  f o r  a l l  h o r i z o n s  b e lo w  t h e  
s u r f a c e  i n  t h e  M ore land  an d  S e v e rn  s o i l s .  I n  t h e s e  h o r i z o n s  t h e  s o i l  
h a d  a  h i g h e r  pH th a n  t h e  b u f f e r  s o l u t i o n  (pH 8 . 0 ) .  L e a c h in g  t h e  s o i l  
w i t h  t h e  b u f f e r  s o l u t i o n  may a c t u a l l y  i n c r e a s e  t h e  OH c o n c e n t r a t i o n  i n  
t h e  l e a c h a t e .  I n  su ch  c a s e s  more a c i d  w ould  b e  r e q u i r e d  t o  n e u t r a l i z e  
t h e  s o i l  l e a c h a t e  t h a n  w o u ld  b e  r e q u i r e d  t o  n e u t r a l i z e  a n  e q u a l  a l i q u o t  
o f  t h e  i n i t i a l  b u f f e r .  T h i s  may l e a d  t o  t h e  m e a su rem e n t  o f  n e g a t i v e  
a c i d i t y  i n  s o i l s  such  a s  t h e  M o re la n d  and  S e v e rn  w i t h  pH v a l u e s  g r e a t e r  
t h a n  t h e  e x t r a c t i n g  s o l u t i o n .  T h e r e f o r e ,  t h e  BaCl2 “TEA m ethod  o f  
d e t e r m i n i n g  e x t r a c t a b l e  a c i d i t y ,  w h ic h  i s  so m e t im es  r e f e r r e d  t o  a s
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e x c h a n g e  a c i d i t y  ( P e e c h ,  1 9 6 5 ) ,  i s  n o t  n e c e s s a r i l y  a  r e f l e c t i o n  o f  
t h e  e x c h a n g e  c h e m i s t r y  o f  t h e  s o i l .  T h i s  i n t e r p r e t a t i o n  i s  i n  a g re e m e n t  
w i t h  d a t a  p r e s e n t e d  by  C l a r k  ( 1 9 6 4 ) ,  Colem an e t  a l .  ( 1 9 5 9 ) ,  K am pra th  
( 1 9 7 2 ) ,  an d  M i l l e r  (1 9 7 2 ) .
I n  t h e  o t h e r  s o i l s  s t u d i e d ,  t h e  p r o f i l e  d i s t r i b u t i o n  t r e n d s  o f  
e x t r a c t a b l e  a c i d i t y  w e re  g e n e r a l l y  s i m i l a r  t o  t r e n d s  o f  E x A l,  e x ­
c h a n g e a b l e  a c i d i t y ,  and  E x t A l .  The q u a n t i t i e s  o f  t h e s e  com ponen ts  
g e n e r a l l y  d e c r e a s e d  i n  t h e  o r d e r  o f  e x t r a c t a b l e  a c i d i t y  E x tA l  
e x c h a n g e a b le  a c i d i t y  ^  ExA l ( F i g u r e  1 1 ) .  The p r o f i l e  d i s t r i b u t i o n  o f  
e x t r a c t a b l e  a c i d i t y  i n  t h e  s t r a t i f i e d  Commerce s o i l  w as i r r e g u l a r  and  
a p p r o x i m a t e l y  c o i n c i d e d  w i t h  t h e  d i s t r i b u t i o n  o f  c l a y .  I n  t h e  A l l i g a t o r  
an d  S h a rk e y  s o i l s ,  t h e  e x t r a c t a b l e  a c i d i t y  com ponent d e c r e a s e d  w i t h  
d e p t h  f ro m  t h e  s u r f a c e  t h r o u g h o u t  t h e  d e p t h s  s a m p le d .
I n  t h e  A c a d i a ,  B e a u r e g a r d ,  C ro w le y ,  D u n d ee ,  H e b e r t ,  J e a n e r e t t e ,  
Mowata, an d  O l i v i e r  s o i l s  t h e  e x t r a c t a b l e  a c i d i t y  was a t  a  maximum 
i n  t h e  u p p e r  B t  h o r i z o n s  a n d  d e c r e a s e d  w i t h  d e p t h  i n  t h e  lo w e r  h o r i z o n s  
( F i g u r e  1 1 ) .  The q u a n t i t y  o f  e x t r a c t a b l e  a c i d i t y  was e s s e n t i a l l y  
c o n s t a n t  i n  h o r i z o n s  b e lo w  t h e  u p p e r  B i n  t h e  B o s w e l l  s o i l .
The Caddo a n d  C a lh o u n  s o i l s  h a d  n e a r l y  c o n s t a n t  a m o u n ts  o f  
e x t r a c t a b l e  a c i d i t y  t h r o u g h o u t  t h e  p r o f i l e s .  The A2 h o r i z o n  o f  t h e  
L o r i n g  s o i l  h a d  l e s s  e x t r a c t a b l e  a c i d i t y  t h a n  o t h e r  h o r i z o n s  i n  t h e  
p r o f i l e .  The M y a t t  and  S to u g h  s o i l s  c o n t a i n e d  much g r e a t e r  q u a n t i t i e s  
o f  e x t r a c t a b l e  a c i d i t y  i n  t h e  s u r f a c e  h o r i z o n  t h a n  i n  t h e  lo w e r  
h o r i z o n s .
The a m o u n ts  o f  e x t r a c t a b l e  a c i d i t y  i n  t h e  s o i l s  d i f f e r e d  i n  t h e  
t h r e e  c l a y  m i n e r a l o g y  g r o u p s .  The s o i l s  i n  t h e  m ixed  c l a y  m i n e r a l  
g ro u p  a v e r a g e d  s l i g h t l y  m ore  e x t r a c t a b l e  a c i d i t y  ( 8 . 2  m eq / 1 0 0  g) t h a n
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s o i l s  i n  t h e  k a o l i n i t i c  g ro u p  ( 7 . 1  m e q /1 0 0  g ) ,  w h ic h  i n  t u r n ,  w e r e  
s l i g h t l y  g r e a t e r  t h a n  s o i l s  i n  t h e  m o n t m o r i l l o n i t i c  g ro u p  (6 .5  m e q /1 0 0  g ) .  
T h i s  s u p p o r t s  t h e  i n t e r p r e t a t i o n  t h a t  s o i l s  i n  t h e  m ix e d  c l a y  m i n e r a l  
g ro u p  c o n t a i n e d ,  on  t h e  a v e r a g e ,  t h e  l a r g e s t  q u a n t i t i e s  o f  h y d r o x y - A l  
i n t e r l a y e r  m a t e r i a l .
CEC an d  p H - d e p e n d e n t  c h a r g e s . A p o s s i b l e  m e c h a n is m  f o r  t h e  
d e v e lo p m e n t  o f  p H - d e p e n d e n t  c h a r g e s  o r  p H - d e p e n d e n t  CEC was d i s c u s s e d  
i n  t h e  i n t r o d u c t o r y  s e c t i o n  o f  t h i s  c h a p t e r .  The c a t i o n  e x c h a n g e  c a p a ­
c i t y  o f  t h e  s o i l s  w as d e t e r m i n e d  b y  t h r e e  d i f f e r e n t  m e th o d s .  T h e y  w e re
(1 )  b y  d i r e c t  d i s t i l l a t i o n  o f  a d s o r b e d  ammonia (NH4 OAC CEC), (2 )  b y  
summing t h e  e x c h a n g e a b le  b a s e s  and  e x t r a c t a b l e  a c i d i t y  (B aC ^-T E A  CEC), 
and  (3 )  b y  summing t h e  e x c h a n g e a b le  b a s e s  and N KCl e x c h a n g e a b le  
a c i d i t y  ( e f f e c t i v e  CEC). The b a s e  s a t u r a t i o n  and  s o i l  a c i d i t y  
c o r r e s p o n d i n g  t o  e a c h  CEC was a l s o  d e t e r m i n e d .  T h e r e f o r e ,  f o r  e a c h  
s a m p le ,  CEC, b a s e  s a t u r a t i o n ,  an d  s o i l  a c i d i t y  w e r e  d e t e r m i n e d  a t  t h e  
pH o f  t h e  s o i l  ( N K C l ) ,  a t  pH 7 . 0  (NH4 OAC), and a t  pH 8 . 0  ( B a C ^ -  
TEA). The a c t u a l  v a l u e s  may be  c a l c u l a t e d  from  t h e  d a t a  i n  A p p e n d ic e s  
1 and  2 .  The p H - d e p e n d e n t  c h a r g e  a t  pH 8 . 0  i s  o b t a i n e d  by s u b t r a c t i n g  
N KCl e x c h a n g e a b le  a c i d i t y  from  B aC l2 ~TEA a c i d i t y .  T he  p H -d e p e n d e n t  
c h a r g e  a t  pH 7 .0  i s  o b t a i n e d  by  s u b t r a c t i n g  e x c h a n g e a b l e  b a s e s  a n d  N KCl 
e x c h a n g e a b l e  a c i d i t y  f ro m  NH4 OAC CEC.
O t h e r  r e s e a r c h e r s  ( B la c k ,  1 968 ;  C l a r k ,  1964; C o lem an  and T h o m as,
1 967 ;  a n d  K a m p ra th ,  197 0 )  h a v e  r e p o r t e d  t h a t  (1) a s  c l a y  c o n t e n t  i n ­
c r e a s e s ,  CEC i n c r e a s e s ,  (2 )  CEC i s  d e p e n d e n t  on c l a y  m i n e r a l  t y p e  
( m o n t m o r i l l o n i t e  ^  m ix e d  k a o l i n i t e ) ,  and  (3 )  t h a t  i n c r e a s i n g  t h e  
pH o f  t h e  e x t r a c t i n g  s o l u t i o n  r e s u l t s  i n  h i g h e r  CEC ( p H -d e p e n d e n t  
c h a r g e ) ,  lo w e r  b a s e  s a t u r a t i o n ,  a n d  g r e a t e r  a p p a r e n t  a c i d i t y  o f  t h e  s o i l .
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T a b l e  10 i l l u s t r a t e s  t h e  e f f e c t  o f  c l a y  m i n e r a l o g y  a n d  pH o f  
e x t r a c t i n g  s o l u t i o n  o n  CEC m e a s u r e m e n t .  The d a t a  f ro m  t h e  M o re la n d  an d  
S e v e r n  s o i l s  w e r e  n o t  i n c l u d e d  i n  t h e  c a l c u l a t i o n s  su m m a riz ed  i n  T a b l e  
10 . The mean v a l u e s  f o r  CEC w e re  g r e a t e s t  i n  s o i l s  w i t h  p r e d o m i n a n t l y  
m o n t m o r i l l o n i t i c  c l a y  m i n e r a l s  a n d  l e a s t  i n  s o i l s  w i t h  p r e d o m i n a n t l y  
k a o l i n i t i c  m i n e r a l s .  A l s o ,  t h e  m ean CEC v a l u e s  i n c r e a s e d  w i t h  a n  
i n c r e a s e  i n  t h e  pH a t  w h ic h  t h e y  w e r e  d e t e r m i n e d .
W i t h i n  a  p r o f i l e ,  CEC g e n e r a l l y  i n c r e a s e d  a n d  d e c r e a s e d  w i t h  c l a y  
c o n t e n t .  The M y a t t  s o i l  ( F i g u r e  13 a n d  A p p e n d ix  1) p r o v i d e s  a  good 
ex a m p le  o f  t h e  r e l a t i o n s h i p s  b e tw e e n  c l a y  c o n t e n t  an d  CEC, an d  b e tw e e n  
pH o f  e x t r a c t i n g  s o l u t i o n  a n d  CEC ( p H - d e p e n d e n t  c h a r g e ) .  I n  s o i l s  
w i t h  p r e d o m i n a n t l y  k a o l i n i t i c  c l a y  m i n e r a l s  t h e r e  w as  l e s s  i n c r e a s e  i n  
CEC a s  t h e  pH o f  t h e  e x t r a c t i n g  s o l u t i o n  i n c r e a s e d .  T h i s  w as a n  
a n t i c i p a t e d  r e s u l t  s i n c e  t h e s e  s o i l s  h a v e  f e w e r  e x p a n d i n g - l a t t i c e  
m i n e r a l s  a n d  t h e r e f o r e  a  lo w e r  p o t e n t i a l  f o r  p H - d e p e n d e n t  c h a r g e s  
f ro m  i n t e r l a y e r  h y d r o x y - A l  com pounds .
I n  t h e  A l l i g a t o r  s o i l ,  t h e  CEC a v e r a g e d  a p p r o x i m a t e l y  4 . 0  meq 
p e r  100 g o f  s o i l  m o re  i n  e a c h  h o r i z o n  a t  pH 7 . 0  (NH^OAc CEC) t h a n  
a t  pH 8 . 0  (B a C ^ -T E A  CEC). No e x p l a n a t i o n  i s  o f f e r e d  f o r  t h i s  a p p a r e n t  
a n o m a ly .  Some r e s e a r c h e r s  h a v e  i n d i c a t e d  t h a t  t h e  NH4 OAC CEC m e a s u re d  
by t h e  m e th o d  u s e d  i n  t h i s  s t u d y  may b e  l o w e r  t h a n  t h e  a c t u a l  CEC a t  
pH 7 . 0 ,  I n  t h e  m e th o d  u s e d ,  t h e  a m m o n iu m - s a t u r a t e d  s o i l  w as l e a c h e d  
w i t h  95% e t h y l  a l c o h o l  to  rem o v e  t h e  r e s i d u a l  e l e c t r o l y t e .  T h i s  
p r o c e d u r e  h a s  b e e n  r e p o r t e d  ( P e e c h  e t  a l . ,  1 9 6 2 )  t o  r e s u l t  i n  low CEC 
m e a s u r e m e n ts  d u e  t o  l o s s  o f  some a m m o n ia te d  o r g a n i c  s o i l  c o n s t i t u e n t s .
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T a b le  10- T he  m ean c a t i o n  e x c h a n g e  c a p a c i t y  f o r  18 s o i l s  i n  L o u i s i a n a
g r o u p e d  a c c o r d i n g  t o  c l a y  m i n e r a l o g y .
C la y  N KCl N NH4OAC BaCl2 - TEA
m i n e r a l  g r o u p _______________ CEC___________________ CEC_____________________ CEC_______
---------------------------------------- m eq / 1 0 0  g --------------------------------------
K a o l i n i t e  4 - 3  6 . 5  8 . 9
M ixed*  9 . 4  1 2 .9  1 3 .9
M o n t m o r i l I o n i t e  1 8 . 4  2 3 . 9  2 4 .4
'T h e  M o re la n d  a n d  S e v e r n  s o i l s  w e re  e x c l u d e d  f ro m  t h e s e  c a l c u l a t i o n s .
The Commerce an d  S h a r k e y  s o i l s  w e r e  t h e  y o u n g e s t  o f  t h e  f o u r  s o i l s  
s t u d i e d  f ro m  t h e  M i s s i s s i p p i  R i v e r  a l l u v i a l  s o i l  a r e a .  T hey  d i d  n o t  
c o n t a i n  m e a s u r a b l e  q u a n t i t i e s  o f  ExAl a n d  h a d  l i t t l e  v a r i a t i o n  i n  E x t A l  
c o n t e n t  t h r o u g h o u t  t h e  p r o f i l e .  T h e i r  o l d e r  c o u n t e r p a r t s ,  t h e  D undee 
a n d  A l l i g a t o r  s o i l s  h a d  m o re  E x tA l  and  h a d  a p p r e c i a b l e  a m o u n ts  o f  E x A l .  
The l a r g e r  q u a n t i t i e s  o f  e x c h a n g e a b l e  a n d  e x t r a c t a b l e  A l i n  t h e  o l d e r  
s o i l s  a p p a r e n t l y  r e f l e c :  t h e i r  m ore w e a t h e r e d  c o n d i t i o n .  The S h a r k e y  
a n d  A l l i g a t o r  s o i l s  a r e  q u i t e  s i m i l a r  i n  m o s t  p h y s i c a l  c h a r a c t e r i s t i c s  
an d  m ig h t  a l s o  b e  e x p e c t e d  t o  b e  s i m i l a r  c h e m i c a l l y .  T h e r e  w e re  o n l y  
s m a l l  d i f f e r e n c e s  i n  q u a n t i t i e s  o f  e x c h a n g e a b l e  and  e x t r a c t a b l e  Al i n  
t h e  two s o i l s .  H o w ev er ,  t h e  o l d e r  A l l i g a t o r  s o i l  d i d  e x h i b i t  some 
c h a r a c t e r i s t i c s  o f  a  m ore  w e a t h e r e d  s o i l ,  s u c h  a s  a  l o w e r  pH an d  g r e a t e r  
a m o u n ts  o f  e x c h a n g e a b l e  a n d  e x t r a c t a b l e  a c i d i t y .  The d i f f e r e n c e s  i n  
e x c h a n g e a b l e  a n d  e x t r a c t a b l e  a c i d i t y  a r e  show n  i n  F i g u r e  1 4 .  The 
e x t r a c t a b l e  a c i d i t y  i s  t h o u g h t  t o  be l a r g e l y  d u e  to  h y d r o x y - A l  i n t e r ­
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F i g u r e  13 . The p r o f i l e  d i s t r i b u t i o n  o f  c l a y  c o n t e n t  and  CEC ( e f f e c t i v e , NH^OAc, and BaC ^-TEA ) 
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E x t r a c t a b l e  a c i d i t y  (m e q /1 0 0  g)
F i g u r e  14 . The p r o f i l e  d i s t r i b u t i o n  o f  e x c h a n g e a b l e  a n d  e x t r a c t -  





I n  t h e  c a s e  o f  t h e  Commerce an d  D undee  s o i l s  t h e  d i f f e r e n c e s  i n  
w e a t h e r i n g  a r e  m o re  p r o n o u n c e d ,  a s  m ig h t  b e  e x p e c t e d  i n  t h e s e  s o i l s  
d e v e l o p e d  i n  c o a r s e  t e x t u r e d  p a r e n t  m a t e r i a l s .  F o r  e x a m p le ,  t h e  D undee  
s o i l  h a d  m ore  t h a n  2 . 0  meq o f  ExAl a n d  a c i d i t y  p e r  100 g  o f  s o i l  i n  
some h o r i z o n s ,  w h i l e  t h e  Commerce s o i l  h a d  e s s e n t i a l l y  no  ExAl o r  
a c i d i t y .  The Commerce a v e r a g e d  a b o u t  0 . 5  meq o f  E x tA l  p e r  100 g o f  
s o i l ,  w h e r e a s  t h e  D undee  h a d  b e tw e e n  0 . 5  meq a n d  2 . 6  meq o f  E x tA l  p e r  
100 g o f  s o i l  i n  a l l  h o r i z o n s .  The e x t r a c t a b l e  a c i d i t y  was a l s o  much 
g r e a t e r  t h r o u g h o u t  t h e  D undee  t h a n  i n  t h e  Commerce s o i l .
The i n f l u e n c e  o f  p a r e n t  m a t e r i a l  on  d e g r e e  o f  w e a t h e r i n g  c a n  b e  
o b s e r v e d  b y  c o m p a r in g  t h e  c o a r s e r  t e x t u r e d  D undee  s o i l  t o  t h e  A l l i g a t o r  
s o i l .  The D undee  h a d  a p p r e c i a b l y  m ore  E x A l,  e x c h a n g e a b l e  a c i d i t y ,
E x t A l ,  a n d  a  l o w e r  pH t h a n  t h e  A l l i g a t o r .  H ow ever ,  t h e  f i n e r  t e x t u r e d  
A l l i g a t o r  h a d  m o re  h y d r o x y - A l  i n t e r  l a y e r i n g  a s  i n d i c a t e d  by  t h e  l a r g e  
q u a n t i t i e s  o f  e x t r a c t a b l e  a c i d i t y  and  g r e a t e r  p H - d e p e n d e n t  c h a r g e .  T he  
i n t e r p r e t a t i o n  i s  t h a t  t h e  m o re  c l a y e y  A l l i g a t o r  s o i l  i s  more s l o w l y  
l e a c h e d  a n d  i n i t i a l l y  h a d  a  much h i g h e r  c a p a c i t y  t o  accom m odate  h y d r o x y -  
A l t h a n  t h e  c o a r s e r  t e x t u r e d  D u n d e e .  T h i s  c a n  r e s u l t  i n  m ore  i n t e n s i v e  
h y d r o x y - A l  i n t e r l a y e r i n g  i n  t h e  Dundee a t  a  g i v e n  p o i n t  i n  t h e  e a r l y  
s t a g e s  o f  w e a t h e r i n g .  W ith  c o n t i n u e d  w e a t h e r i n g ,  i t  may r e s u l t  i n  
c o n s i d e r a b l e  q u a n t i t i e s  o f  ExA l i n  t h e  D undee  s o i l  some t im e  b e f o r e  ExAl 
c a n  b e  m e a s u r e d  i n  t h e  A l l i g a t o r  s o i l .
The s o i l s  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g ro u p  ( B e a u r e g a r d ,  C a d d o ,  
M y a t t ,  R u s t o n ,  a n d  S to u g h )  h a v e  few  e x p a n d i n g - l a t t i c e  m i n e r a l s  a n d  
i n t e r l a y e r  h y d r o x y - A l  co m p o u n d s .  T h e r e f o r e ,  i n  s o i l s  s u c h  a s  t h e s e ,  
o r g a n i c  c a r b o n  i s  a  m ore  i m p o r t a n t  s o u r c e  o f  e x t r a c t a b l e  a c i d i t y  o r  
p H - d e p e n d e n t  c h a r g e .  T h i s  i s  d e m o n s t r a t e d  b y  t h e  d i f f e r e n c e  i n  t h e
q u a n t i t i e s  o f  o r g a n i c  c a r b o n ,  CEC, e x t r a c t a b l e  A l ,  an d  e x t r a c t a b l e  
a c i d i t y  (A p p e n d ic e s  1 an d  2 )  i n  t h e  two u p p e rm o s t  h o r i z o n s  o f  t h e  M y a tt  
and S to u g h  s o i l s .  The s u r f a c e  h o r i z o n  o f  t h e  S to u g h  c o n t a i n s  3 .5%  
o r g a n i c  c a r b o n  w h i l e  t h e  n e x t  lo w e r  h o r i z o n  c o n t a i n s  o n ly  0 . 2 %, a n d  th e  
c l a y  c o n t e n t  i s  a p p r o x i m a t e l y  e q u a l  i n  b o t h  h o r i z o n s .  The s u r f a c e  
h o r i z o n  a l s o  h a s  a  CEC o f  1 2 .8  m eq /1 0 0  g o f  s o i l  an d  c o n t a i n s  1 7 . 1  and 
1 7 .8  meq o f  E x tA l  an d  e x t r a c t a b l e  a c i d i t y ,  r e s p e c t i v e l y .  The n e x t  low er  
h o r i z o n  h a s  a  CEC o f  3 . 3  m eq /1 0 0  g o f  s o i l ,  and  2 . 4  an d  3 .2  meq o f  Ex tA l 
and  e x t r a c t a b l e  a c i d i t y ,  r e s p e c t i v e l y .  T h i s  i n d i c a t e s  t h a t  o r g a n i c  
c a r b o n  c a n  be  a  m a jo r  c o n t r i b u t o r  t o  CEC and  e x t r a c t a b l e  a c i d i t y  i n  
s o i l s .  S i m i l a r  r e s u l t s  h a v e  b e e n  r e p o r t e d  by  B l a c k  ( 1 9 6 8 ) ,  C olem an  and  
Thomas ( 1 9 6 7 ) ,  Xgue an d  F u e n t e s  ( 1 9 7 2 ) ,  an d  P e e c h  ( 1 9 6 5 ) .  The s t a t i s t i ­
c a l  a n a l y s e s  (A p p e n d ix  5 )  i n d i c a t e d  t h a t  (1 )  c a t i o n  e x c h an g e  c a p a c i t y  
was p o s i t i v e l y  a s s o c i a t e d  w i t h  pHw, c l a y  a n d  o r g a n i c  c a rb o n  c o n t e n t ,
( 2 ) e x t r a c t a b l e  a c i d i t y  was p o s i t i v e l y  a s s o c i a t e d  w i t h  c l a y  an d  o r g a n i c  
c a r b o n  c o n t e n t  b u t  w as n e g a t i v e l y  c o r r e l a t e d  w i t h  pH^j, (3) o r g a n i c  
c a r b o n  was s i g n i f i c a n t l y  r e l a t e d  t o  CEC and e x t r a c t a b l e  a c i d i t y  o n l y  i n  
t h e  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p ,  and  (4 )  e x c h a n g e a b le  a c i d i t y  was 
n e g a t i v e l y  r e l a t e d  t o  p H ^
T he r e s u l t s  o b t a i n e d  i n  o t h e r  p a r t s  o f  t h e  s t u d y  a l s o  i n d i c a t e d  
t h a t  h y d r o x y - A l  com pounds may b e  t h e  m a jo r  s o u r c e  o f  p H -d e p e n d e n t  c h a rg e  
and  CEC. T hese  h y d r o x y - A l  compounds a l s o  i n f l u e n c e  t h e  q u a n t i t y  o f  ExAl 
fo u n d  i n  s o i l s .  T h i s  i n t e r r e l a t i o n s h i p  b e tw e e n  E xA l,  pH, an d  e x t r a c t a b l e  
a c i d i t y  o r  p H -d e p e n d e n t  c h a r g e  may b e  d e m o n s t r a t e d  h e r e .  S o i l s  i n  t h e  
m ixed  m i n e r a l o g y  g ro u p  w e re  t h e  o n l y  o n e s  w h ic h  h a d  a  s i g n i f i c a n t  
p o s i t i v e  c o r r e l a t i o n  b e tw e e n  ExAl an d  c l a y  c o n t e n t  (T a b le s  4  a n d  5 ,  
A p p e n d ix  5 ) .  T h i s  r e l a t i o n s h i p  i s  t h o u g h t  t o  r e s u l t  from  t h e
c o m b i n a t i o n  o f  r e l a t i v e l y  lo w  pH v a l u e s  ( a v e r a g e  pHw o f  5 . 2 )  t o g e t h e r  
w i t h  a  r e a d i l y  a v a i l a b l e  A l s o u r c e  i n  t h e  f o r m  o f  h y d r o x y - A l  com pounds. 
The s o i l s  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p  had  a  n o n s i g n i f i c a n t  
p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  ExAl and  c l a y  c o n t e n t  ( T a b l e s  4  an d  5 ) .
The l a c k  o f  s i g n i f i c a n c e  may b e  d u e  to  t h e  l e s s e r  am oun ts  o f  E xA l, 
e s p e c i a l l y  h y d r o x y - A l  i n t e r l a y e r  m a t e r i a l ,  a n d  c l a y ,  and  l a r g e r  co n ­
t r i b u t i o n s  f ro m  o r g a n i c  c a r b o n  i n  t h e s e  s o i l s  com pared  t o  s o i l s  i n  t h e  
o t h e r  c l a y  m i n e r a l  g r o u p s .  The n e g a t i v e  r e l a t i o n s h i p  b e tw e e n  ExAl an d  
c l a y  c o n t e n t  i n  t h e  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  g ro u p  s u g g e s t s  t h a t  
t h e s e  c l a y s  may s e r v e  a s  a  s i n k  f o r  ExA l. T h i s  may b e  d u e  t o  t h e  l a r g e  
e x c h a n g e  c a p a c i t y  and  g e n e r a l l y  h i g h  pH o f  t h e s e  s o i l s .  F o r  e x a m p le ,  a s  
Al comes i n t o  s o l u t i o n ,  h y d r o x y - A l  compounds may fo rm  a n d  b e  a d s o r b e d  i n  
t h e  i n t e r l a y e r  p o s i t i o n  o f  t h e  e x p a n d i n g - l a t t i c e  c l a y s .  I n  su c h  c a s e s ,  
ExAl w o u ld  l i k e l y  n o t  b e  p r e s e n t  i n  a p p r e c i a b l e  q u a n t i t i e s  u n t i l  a f t e r  
r a t h e r  e x t e n s i v e  i n t e r l a y e r i n g  h a d  o c c u r r e d  i n  t h e  e x p a n d i n g - l a t t i c e  
c l a y s .  I n  some c i r c u m s t a n c e s  t h i s  c o u ld  r e s u l t  i n  n e g a t i v e  r e l a t i o n ­
s h i p s  b e tw e e n  ExAl and  c l a y  c o n t e n t .  The q u a n t i t i e s  o f  ExA l a n d  E x tA l  
m e a s u r e d  i n  t h e  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  g ro u p  i n  t h i s  s t u d y  a r e  
i n  a g r e e m e n t  w i t h  t h i s  p o s s i b l e  e x p l a n a t i o n .
I t  seem s r e a s o n a b l e ,  t h a t  i n  a  g e n e r a l  s o i l  w e a t h e r i n g  s e q u e n c e  
o f  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l s ,  t o  m ix e d ,  t o  k a o l i n i t i c  c l a y  m i n e r a l s ,  
t h e  r e l e a s e  o f  o c t a h e d r a l l y  c o o r d i n a t e d  A l m i g h t  p r e c e d e  t h e  f o r m a t i o n  
o f  h y d r o x y - A l  compounds w h i c h  c o l l e c t  i n  t h e  i n t e r l a y e r  p o s i t i o n  o f  
e x p a n d i n g - l a t t i c e  c l a y s  (C o lem a n  e t  a l . ,  1 9 6 0 ) .  T h is  w o u ld  b e  f o l l o w e d  
b y  t h e  r e l e a s e  o f  Al i o n s  o n t o  t h e  e x c h a n g e  com plex  an d  i n t o  t h e  s o i l  
s o l u t i o n .  T h e r e f o r e ,  i n  c o m p a r in g  t h e  m i n e r a l o g y  g r o u p s ,  t h e  m ixed  g ro u p  
c o u ld  b e  e x p e c t e d  t o  h a v e  t h e  l a r g e s t  q u a n t i t i e s ,  o f  e x c h a n g e a b l e  and
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extractable Al and acidity but have an intermediate pH, CEC, and Al 
saturation as was the case in this study.
S e q u e n t i a l l y  e x t r a c t a b l e  a lu m in u m . S k e e n  a n d  Sumner ( 1 9 6 7 a ,  1967b) 
d e v e l o p e d  a  s e q u e n t i a l  e x t r a c t i o n  t e c h n i q u e  f o r  d e t e r m i n i n g  e x c h a n g e a b le  
a n d  n o n e x c h a n g e a b l e  A l c o m p o n e n t s  i n  s o i l s .  T h e  m e th o d  i n v o l v e s  
s e q u e n t i a l  e x t r a c t i o n s  o f  t h e  s o i l  w i t h  a  s o l u t i o n  o f  NH4 C I b u f f e r e d  a t  
pH 4 . 0  ( M a t e r i a l s  a n d  M e thods  p a g e  4 1 ) .  P r e s u m a b l y ,  e a c h  s u c c e s s i v e  
e x t r a c t i o n  r e l e a s e s  a  s t e a d i l y  d e c r e a s i n g  q u a n t i t y  o f  e x c h a n g e a b l e  Al 
t o g e t h e r  w i t h  a  c o n s t a n t  q u a n t i t y  o f  n o n e x c h a n g e a b l e  A l .  A p l o t  o f  t h e  
t o t a l  A l  e x t r a c t e d  ( o r d i n a t e )  v e r s u s  t h e  n u m b er  o f  e x t r a c t i o n s  ( a b s c i s s a )  
s h o u l d  g i v e  a  N e r n s t  t y p e  d i s t r i b u t i o n  c u r v e  t h a t  becom es l i n e a r  i f  
e x t r a c t i o n  i s  c o n t i n u e d  b e y o n d  t h e  p o i n t  w h e r e  a l l  t h e  e x c h a n g e a b l e  Al 
i s  r e l e a s e d .  E x t r a p o l o t i o n  o f  t h e  l i n e a r  s e g m e n t  o f  t h e  g r a p h  t o  z e ro  
e x t r a c t i o n  r e s u l t s  i n  a n  a b s c i s s a  i n t e r c e p t  a t  t h e  p o i n t  r e p r e s e n t i n g  
t h e  q u a n t i t y  o f  e x c h a n g e a b l e  A l .  The t e c h n i q u e  i s  i l l u s t r a t e d  f o r  t h r e e  
h o r i z o n s  f ro m  t h e  M y a t t  s o i l  i n  F i g u r e  15 .
Nine soils were selected for sequentially extractable Al studies. 
The Beauregard, Caddo, Myatt, and Stough were chosen to represent acid 
soils with considerable quantities of exchangeable and extractable Al 
and acidity from the kaolinitic clay mineral group. Similarly, the 
Boswell, Calhoun, Hebert, and Olivier soils were selected to represent 
the mixed clay mineral group, and the Dundee soil was selected from the 
montmorillonitic clay mineral group.
The r e s u l t s  o f  t h e  a n a l y s e s  a r e  t a b u l a t e d  i n  T a b le  1 1 .  The 
e x t r a c t a b l e  a c i d i t y  a t  pH 8 . 0  (B a C l 2 _TEA a c i d i t y ) ,  t h e  Al e x t r a c t e d  w i t h  
N KCl (E x A l) ,  a n d  t h e  A l e x t r a c t e d  w i t h  N NH^OAc b u f f e r e d  a t  pH 4 .8  





















B 2 2 tg  ( 8 1 - 1 0 9  cm)
B & A ( 3 3 - 5 8  cm)
— ©A^ ( 0 - 18 cm
40 3 61 2 5 7 8
Number o f  E x t r a c t i o n s
F i g u r e  15 . The s e q u e n t i a l l y  e x t r a c t e d  a lu m in u m  f ro m  
s e l e c t e d  h o r i z o n s  o f  t h e  M y a t t  s o i l .
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T a b le  11 . E x t r a c t a b l e  a lum inum  and a c i d i t y  r e l a t i o n s h i p s  i n  n in e  
s o i l s  i n  L o u i s i a n a .
T e x t u r a l  E x t r a c t e d  Al_______ E x t r a c t a b l e
H o r iz o n  D epth_______ c l a s s ______KCl** NH4 OAC 2 NtfyCl^ a c i d i t y  4
 ----------------------- meq / 1 0 0  g - - ------------------------
B e a u r e g a r d  s i l t  loam  -  p a s t u r e l a n d
Al 0 - 8 s i l 0 . 0 ----- 0 . 2 1 9 .1
A2 8 -1 8 s i l 1 .7 3 .1 2 .3 1 6 .2
B1 18-31 s i l 3 .4 4 . 4 4 .3 1 7 .8
B 21 t 31-55 s i l 3 .5 4 .9 6 . 0 1 9 .3
B22t 5 5 -6 9 s i l 3 . 8 4 .1 5 . 4 17 .6
B23t 69-97 s i l 3 .8 3 .9 5 .2 6 . 0
B 24tg 97 -152 s i l 3 .4 3 . 3 4 .9 6 . 0
Cl 152-165 s i l 2 . 8 2 . 1 4 .9 5 .8
C2g 165-229 c l 2 .5 1 . 8 2 .9 5 .6
B o s w e l l s i l t  loam  -■ w ood land
Al 0 -1 3 s i l 0 . 1 1 .5 0 . 1 6 .4
A2 13-23 s i l 1 .5 2 . 1 1 .4 4 . 4
B21t 23 -41 s i c l 1 4 .0 1 2 .7 1 4 .9 2 2 . 6
B 2 2 t 4 1 -5 8 s i c 1 5 .7 1 4 .1 1 7 .6 2 3 .0
B23t 5 8 -9 4 s i c l 15 .6 1 4 .0 9 .3 2 2 . 0
IIB 3 9 4 -152 s i c l 15 .6 1 3 .6 8 .7 2 1 . 6
Caddo s i l t  loam  - w o o d la n d
Al 0 -1 5 s i l 1 .4 2 . 8 2 . 0 6 . 8
A21g 15-41 s i l 3 .9 3 .7 5 . 4 6 . 8
A22g 4 1 -7 6 s i l 3 .4 3 .3 4 .2 5 .8
B21g 7 6 -152 s i l 4 . 5 4 .7 6 . 3 9 .6
B3g 152-178 s i l 1 .9 1 .9 2 .5 4 . 8
C a lh o u n s i l t  loam -  w ood land
Ap 0-15 s i l 2 . 1 2 . 2 1 .4 7 .6
A2g 15-43 s i l 2 .7 2 . 1 2 .7 7 .2
B 21tg 4 3 -6 1 s i l 3 .9 1 . 1 3 .4 9 .6
B22g 61 -8 1 s i c l 3 . 4 2 .4 2 . 8 7 .2
B3g 81-127 s i c l 1 . 0 2 . 8 2 .7 5 .0
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Table 11. (Continued).
T e x t u r a l  E x t r a c t e d  A l_______  E x t r a c t a b l e
H o r i z o n  D ep th  c l a s s  KC11  NH^OAc^ NH^Cl '5 a c i d i t y ^
cm q / 1 0 0  g -------
Dundee loam  - c u l t i v a t e d
Apl 0 -1 5 1 0 . 5 0 .5 0 . 2 5 . 2
Ap2 1 5 -2 3 1 0 . 6 1 . 6 0 . 6 6 . 8
B21t 2 3 -3 8 c l 2 . 4 2 . 6 1 . 8 9 .6
B 22 t 3 8 -5 8 c l 2 . 4 2 . 4 1 . 8 9 . 0
B 3t 5 8 -7 6 1 1 . 6 1 . 8 1 .4 7 .4
C l 7 6 -1 0 4 1 0 . 8 1 .4 1 . 0 7 .2
C2 104-135 1 0 . 7 1 .4 0 . 6 8 . 2
H e b e r t  s i l t  loam -  c u l t i v a t e d
Ap 0 -1 8 s i l 0 . 7 0 . 8 0 . 4 3 .2
A2 18-25 s i l 3 . 6 2 .9 4 . 9 7 . 0
B & A 25 -3 6 s i l 5 . 7 1 . 2 7 .7 7 .6
B 21 t 3 6 -6 1 1 5 . 7 0 .7 7 . 0 9 .4
B 22 t 6 1 -7 6 1 1 . 8 3 .1 2 . 4 1 0 .4
B23t 7 6 -9 4 1 0 . 6 0 .9 0 . 6 9 .8
B3 9 4 -1 2 7 s i l 0 . 0 0 .5 0 . 0 1 . 6
M y a t t loam  - w ood land
Al 0 -1 8 1 2 .5 4 . 3 2 .7 1 0 . 0
A2g 1 8 -3 3 1 2 . 2 3 . 4 2 .7 6 . 6
B & A 3 3 -5 8 s i l 2 . 7 3 .7 3 .7 5 . 2
B 21tg 5 8 -8 1 1 3 . 0 3 .2 4 . 4 6 . 8
B 22 tg 8 1 -1 0 9 s i l 3 . 9 4 . 1 6 . 0 8 . 0
O l i v i e r s i l t  - c u l t i v a t e d
Apl 0 - 1 8 s i 0 . 0 0 . 6 0 . 0 1 . 8
B i t 18 -2 3 s i l 0 . 4 2 . 1 0 . 5 5 . 2
B21t 2 3 -4 3 s i l 2 . 6 3 .7 2 . 9 8 . 6
B22t 4 3 -5 6 s i l 1 . 8 2 .5 1 .9 6 . 8
B 31tx 5 6 -8 1 s i l 1 . 2 1 . 8 1 .4 6 . 4
B 3 2 tx 8 1 -1 2 7 s i l 0 . 6 1 . 2 0 . 7 5 . 8
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Table 11. (Continued).
H o r i z o n D ep th
T e x t u r a l
c l a s s
E x t r a c t e d  A l E x t r a c t a b l e
K C l1 n h 4 o a c ^  nh 4 c i 3
”4'a c i d i t y
cm
S to u g h  f i n e s a n d y  loam  -  w o o d la n d
Al 0 -1 5 f s l 2 . 4 1 7 .1  2 .1 1 7 .8
B & A 15 -2 3 f s l 1 . 4 2 . 4  2 .1 3 .2
B1 2 3 -3 8 f s l 1 .7 2 . 0  2 .7 2 . 8
B 2 1 t 3 8 -5 1 1 1 . 8 2 .5 3 .8
B 2 2 t 5 1 -7 1 f s l 2 . 1 2 . 9  3 .9 4 . 6
B 2 3 t 7 1 -9 4 f s l 1 . 6 2 . 2  2 .7 3 .2
B3 94-1 2 7 f s l 1 .5 1 .9  2 .6 2 . 4
^Al m e a s u re d  i n  N KC1 e x t r a c t .
2 a1  m e a s u re d  i n  N NH4 OAC e x t r a c t ,  pH 4 . 8 .
3a1  m e a s u re d  i n  0 . 2  N NH4 CI e x t r a c t ,  pH 4 . 0 .
4 A c i d i t y  m e a s u re d  i n  B aC l2 ~TEA e x t r a c t ,  pH 8 . 0 .
t o t a l  o f  e i g h t  s e q u e n t i a l  e x t r a c t i o n s  w e re  s u f f i c i e n t  t o  g i v e  a  l i n e a r  
s e g m e n t  o f  t h e  g r a p h  w i t h  a  r e g r e s s i o n  c o e f f i c i e n t  o f  0 .9 8  o r  g r e a t e r .
The p r o f i l e  d i s t r i b u t i o n  o f  s e q u e n t i a l l y  e x t r a c t e d  Al g e n e r a l l y  
c o i n c i d e d  w i t h  N KCl ExA l. S m a l l  q u a n t i t i e s  w e re  m e a s u re d  i n  s u r f a c e  
h o r i z o n s  an d  t h e  q u a n t i t i e s  i n c r e a s e d  w i t h  d e p t h  t o  a  maxima i n  t h e  
u p p e r  B h o r i z o n s .  I n  h o r i z o n s  b e lo w  t h e  m ax im a, t h e  q u a n t i t i e s  o f  
s e q u e n t i a l l y  e x t r a c t e d  Al d e c r e a s e d  w i t h  i n c r e a s i n g  d e p t h ,  e x c e p t  i n  th e  
M y a t t  s o i l  w h e re  t h e r e  was a  c o n t i n u o u s  i n c r e a s e  w i t h  d e p t h  t h r o u g h o u t  
t h e  p r o f i l e .
The s o i l s  i n  t h e  m ixed  m i n e r a l o g y  g ro u p  h a d  t h e  g r e a t e s t  q u a n t i t i e s  
o f  s e q u e n t i a l l y  e x t r a c t e d  A l ,  w h e r e a s  t h e  Dundee s o i l ,  i n  t h e  m o n t m o r i l ­
l o n i t i c  c l a y  m i n e r a l  g r o u p ,  h a d  t h e  s m a l l e s t  q u a n t i t i e s .  The E x tA l  
com ponen t  was g r e a t e r  t h a n  ExA l, e x c h a n g e a b l e  a c i d i t y ,  and  s e q u e n t i a l l y  
e x t r a c t e d  A l i n  t h e  s u r f a c e  h o r i z o n s  o f  t h o s e  s o i l s  w h e re  a l l  t h e s e  
c o m p o n e n ts  w e re  m e a s u r e d .  A p p a r e n t l y ,  t h e  s e q u e n t i a l l y  e x t r a c t e d  A l ,
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E x A l ,  and e x c h a n g e a b l e  a c i d i t y  w e re  l e s s  d e p e n d e n t  on  o r g a n i c  m a t t e r  
t h a n  was t h e  E x t A l  i n  t h e s e  s o i l s .
The num ber o f  e x t r a c t i o n s  r e q u i r e d  t o  rem ove  t h e  e x c h a n g e a b le  Al 
c o m p o n e n t  r a n g e d  fro m  two t o  f o u r  and  h a d  a  c o n s i s t e n t  p a t t e r n  o f  
v a r i a t i o n  w i t h i n  a  s o i l .  T y p i c a l l y ,  t h e  r e q u i r e d  num ber o f  e x t r a c t i o n s  
w e r e  l e a s t  i n  s u r f a c e  h o r i z o n s  and  i n  l o w e r  B o r  C h o r i z o n s  and  g r e a t e s t  
i n  A2 and u p p e r  o r  m id-B  h o r i z o n s .  T h u s ,  a  l a r g e r  num ber o f  e x t r a c t i o n s  
w e r e  r e q u i r e d  t o  remove t h e  e x c h a n g e a b le  A l f ro m  h o r i z o n s  c o n t a i n i n g  
l a r g e  q u a n t i t i e s  o f  t h i s  c o m p o n e n t  t h a n  f ro m  h o r i z o n s  c o n t a i n i n g  l e s s e r  
a m o u n t s .
O b s e r v a t i o n s  made d u r i n g  a n a l y s e s  o f  t h e  d a t a  s u g g e s t  t h a t  a t  
c o m p a r a b l e  d e p t h s  t h e  num ber  o f  e x t r a c t i o n s  r e q u i r e d  t o  rem o v e  t h e  
e x c h a n g e a b l e  A l  com ponent m ay b e  l e a s t  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  
g r o u p  o f  s o i l s  a n d  g r e a t e s t  i n  t h e  m o n t m o r i l l o n i t i c  g r o u p .  No c o n ­
c l u s i o n s  can  b e  d raw n  f ro m  t h e  l i m i t e d  d a t a .  Only one  s o i l  (D undee) 
w i t h  a  m o n t m o r i l l o n i t i c  c l a y  m in e r a l o g y  w as  a n a l y z e d ,  a n d  t h e r e  was much 
v a r i a t i o n  i n  t h e  m ixed  and  k a o l i n i t i c  c l a y  m i n e r a l  s o i l s .  H ow ever, t h i s  
r e l a t i o n s h i p  a p p e a r e d  t o  b e  c o n s i s t e n t  a n d  m ig h t  b e  e x p e c t e d  i f  e x c h a n g e ­
a b l e  Al i n  t h e  i n t e r l a y e r  p o s i t i o n  o f  t h e  e x p a n d i n g - l a t t i c e  c l a y s  i s  l e s s  
e a s i l y  rem oved  t h a n  Al on e x t e r n a l  e x c h a n g e  s i t e s  o f  c l a y  m i n e r a l s .
The d a t a  f r o m  th e  s e q u e n t i a l l y  e x t r a c t e d  Al m e a s u re m e n ts  w e re  n o t  
s t a t i s t i c a l l y  a n a l y z e d .  H o w e v e r ,  t h e  v a l u e s  o b t a i n e d  a n d  t h e  p r o f i l e  
t r e n d s  i n  t h e  d i f f e r e n t  s o i l s  i n d i c a t e d  t h a t  t h i s  Al c o m p o n e n t  was 
d e p e n d e n t  on  t h e  same f a c t o r s  a s  t h e  c o m p o n e n ts  e x t r a c t e d  by t h e  o t h e r  
m e t h o d s .  T h e s e  f a c t o r s  w e r e  pH, c l a y  c o n t e n t ,  t y p e  o f  c l a y  m i n e r a l ,  
a n d  o r g a n i c  c a r b o n  c o n t e n t .  S k e e n  and Sum ner (1 9 6 7 a ,  1 9 6 7 b )  w ere  o f
t h e  o p i n i o n  t h a t  t h e  r e s u l t s  o b t a i n e d  by t h e  s e q u e n t i a l  e x t r a c t i o n s  
p r o v i d e d  a  r e l i a b l e  g u i d e  t o  t h e  e x c h a n g e a b l e  A l s t a t u s  o f  s o i l s  w i t h  
l a r g e  q u a n t i t i e s  o f  s e s q u i o x i d e s  ( O x i s o l s ) . T h e i r  r e s u l t s  i n d i c a t e d  
t h a t  pH and  o t h e r  f a c t o r s  w e re  l e s s  i m p o r t a n t  t h a n  n e t  CEC i n  d e t e r ­
m i n i n g  t h e  q u a n t i t i e s  o f  A l e x t r a c t e d .  Amedee and  P eech  (1 9 7 6 a )  
i n d i c a t e d  t h a t  pH o f  t h e  e x t r a c t i n g  s o l u t i o n  and  t h e  am oun t  o f  am orphous  
A1(0H ) 3  i n  t h e  s o i l  w e re  t h e  m a jo r  f a c t o r s  i n  d e t e r m i n i n g  t h e  q u a n t i t i e s  
o f  A l e x t r a c t e d  b y  t h i s  p r o c e d u r e .  C e r t a i n l y ,  m a jo r  d i f f e r e n c e s  m ig h t  
b e  e x p e c t e d  b e tw e e n  r e s u l t s  o b t a i n e d  f ro m  s t u d i e s  o f  s o i l s  c o n t a i n i n g  
l a r g e  q u a n t i t i e s  o f  s e s q u i o x i d e s  (S k e e n  a n d  Sum ner, 1 9 6 7 a ,  1967b)  o r  
a m o rp h o u s  A1(0H ) 3  (Amedee an d  P e e c h ,  1 9 7 6 a )  com pared  t o  t h e  s o i l s  i n  
t h i s  s t u d y  w i t h  p r e d o m i n a n t l y  p h y l l o s i l i c a t e  c l a y s .
E q u i l i b r a t e d  S o i l - W a t e r  S u s p e n s io n s
S o l u t i o n  e q u i l i b r i a  s t u d i e s  w e r e  c o n d u c te d  t o  e v a l u a t e  some 
r e l a t i o n s h i p s  b e tw e e n  e q u i l i b r i a ,  o r  n e a r  e q u i l i b r i a  c o n d i t i o n s  o f  
t h e  s o i l  h o r i z o n s ,  a n d  t h e i r  c h a r a c t e r i s t i c s  a s  i n d i c a t e d  by  o t h e r  
m e th o d s  u s e d  i n  t h e  s t u d y .  T h e se  s t u d i e s  w e re  a l s o  d e s i g n e d  t o  a i d  i n  
e v a l u a t i n g  w h i c h ,  i f  a n y ,  m i n e r a l  o r  g r o u p  o f  m i n e r a l s  c o n t r o l l e d  t h e  
q u a n t i t i e s  o f  A l  m e a s u re d  i n  t h e  e q u i l i b r i a  s o l u t i o n s  o r  b y  t h e  v a r i o u s  
s o i l  e x t r a c t i o n  t e c h n i q u e s  e m p lo y e d .
The c o n t r o l  o f  m i c r o b i a l  a c t i v i t y  d u r i n g  t h e  e q u i l i b r a t i o n  p e r i o d  
w as a  p ro b le m  i n  some s a m p l e s .  The p r o b le m  was r e l a t e d  a l m o s t  e n t i r e l y  
t o  s u r f a c e  h o r i z o n  s a m p le s  w h e r e ,  i n  some c a s e s ,  a d d i t i o n a l  t o l u e n e  d i d  
n o t  e f f e c t i v e l y  c o n t r o l  t h e  g ro w th  o f  o r g a n i s m s .  The e f f e c t  o f  m i c r o ­
b i o l o g i c a l  a c t i v i t y  c a n n o t  b e  e v a l u a t e d  i n  t h i s  s t u d y ,  h o w e v e r ,  t h e  
d a t a  i n d i c a t e  t h a t  t h e s e  e f f e c t s  may h a v e  b e e n  m i n o r .  The g ro w th  o f
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m ic r o o r g a n i s m s  d u r i n g  t h e  e q u i l i b r a t i o n  p e r i o d  m ig h t  b e  e x p e c t e d  t o  
h a v e  a n  i n f l u e n c e  o n  t h e  o x i d a t l o n - r e d u c t i o n  p o t e n t i a l  o f  t h e  s u s p e n ­
s i o n s .  The p r o p e r t i e s  and  c h a r a c t e r i s t i c s  e v a l u a t e d  i n  t h i s  s t u d y  w e re  
i n d e p e n d e n t  o f ,  o r  o n l y  i n d i r e c t l y  d e p e n d e n t  o n ,  o x i d a t i o n - r e d u c t i o n  
p o t e n t i a l  and  t h u s  may h a v e  b e e n  i n f l u e n c e d  v e r y  l i t t l e  by  m i c r o b i a l
a c t i v i t y .  The r e s u l t s  w e re  g e n e r a l l y  c o n s i s t e n t  w i t h  d a t a  o b t a i n e d  i n
o t h e r  p h a s e s  o f  t h e  s t u d y ,  an d  a p p e a r  t o  b e  c o n s i s t e n t  w i t h  d a t a  f ro m  
o t h e r  h o r i z o n s  w i t h i n  a  s o i l  i n  w h ic h  g ro w th  o f  m ic r o o r g a n i s m s  was 
n o t  e v i d e n t .
The supernatant from each soil-water suspension was characterized 
with respect to pH and the solution concentrations of Ca, Mg, K, Na,
S i ,  an d  Al a f t e r  a p p r o x i m a t e l y  one  y e a r  e q u i l i b r a t i o n  t i m e .  The r e s u l t s  
o f  t h e s e  a n a l y s e s  a r e  g i v e n  i n  A p p e n d ix  3 .  The d a t a  show a  w id e  r a n g e  
i n  c o n c e n t r a t i o n s  o f  t h e  co m p o n e n ts  m e a s u r e d  i n  t h e  d i f f e r e n t  s o i l s .
The o r d e r  o f  m a g n i tu d e  o f  t h e  v a r i a t i o n s  was a p p r o x i m a t e l y  1 7 - f o l d  f o r  
S i ,  77 f o r  A l ,  255  f o r  Na, 624  f o r  K, a n d  1 ,0 0 0  f o r  H. S u p e r n a t a n t s  
f ro m  some h o r i z o n s  o f  s e v e r a l  s o i l s  d i d  n o t  c o n t a i n  d e t e c t a b l e  q u a n t i t i e s  
o f  Ca ( i  80 p p b )  o r  Mg ( 7 p p b )  by t h e  a n a l y t i c a l  m e th o d s  u s e d .
T he r a n g e  and  m ean  c a t i o n  c o n c e n t r a t i o n s ,  w i t h  H e x p r e s s e d  a s  pH, f o r
a l l  t h e  s o i l s  a n d  f o r  s o i l s  i n  e a c h  c l a y  m i n e r a l  g ro u p  a r e  su m m a riz ed  i n
T a b l e  12 . The c a l c a r e o u s  M o re la n d  an d  S e v e r n  s o i l s  w e re  n o t  i n c l u d e d  i n  
c a l c u l a t i n g  t h e  v a l u e s  f o r  t h e  m ix e d  c l a y  m i n e r a l  g ro u p  i n  t h e  t a b l e .
The s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  Ca, Mg, K, an d  Na 
i n d i c a t e  a  num ber o f  s i m i l a r i t i e s  b e tw e e n  t h e s e  c o n c e n t r a t i o n s  and  th e  
q u a n t i t i e s  o f  e x c h a n g e a b l e  c a t i o n s  d e t e r m i n e d  i n  t h e  n e u t r a l ,  N NH4 OAC 
l e a c h a t e .  F o r  e x a m p le ,  t h e  c o n c e n t r a t i o n s  w e re  g e n e r a l l y  g r e a t e s t  i n
T a b l e  12 . The r a n g e  and means o f  pH and  c a t i o n  c o n c e n t r a t i o n s  i n  e q u i l i b r a t e d  s o i l - w a t e r  s u s p e n s i o n s  
f o r  20 s o i l s  i n  L o u i s i a n a  g ro u p e d  a c c o r d i n g  to  c l a y  m in e r a l o g y .
Clay mineral
group____________ pH_________ Al_________ Si___________ K___________ Ca__________ Mg____________
 -  1 0 ' 5  M  - ............................
A l l  s o i l s
Range 4 . 8 - 8 .3  0 .2  5 . 4  0 . 7 - 1 1 . 7  0 . 0 - 1 8 . 7  0 . 0 - 1 6 4 . 5  0 .0 - 1 6 2 . 5  0 . 8 - 2 0 8 .7
Mean 5 . 9  1 .3  4 . 6  2 .5  2 0 .9  1 9 .1  1 9 .8
M o n t m o r i l l o n i t i c
Range 6 . 3 - 8 . 3  0 . 4 - 5 . 1  1 . 1 - 1 1 . 7  0 . 0 - 1 8 . 7  0 . 0 - 1 6 4 . 5  0 . 0 - 1 4 1 . 7  1 .5 - 2 0 8 .7
Mean 7 .2  1 .2  5 . 3  2 .7  2 6 .3  2 5 .9  3 0 .1
M ixed*
Range 5 . 3 - 7 . 5  0 . 8 - 2 . 8  1 . 8 -  9 .3  0 . 3 - 1 2 . 0  0 . 0 -  6 0 .5  0 . 0 -  5 0 .0  0 .8 - 1 4 7 . 8
Mean 6 .0  1 .2  5 . 4  2 .6  6 .9  6 . 6  2 0 .3
K a o l i n i t i c
R ange 4 . 8 - 6 .7  0 . 2 - 5 . 4  0 . 7 - 8 . 0  0 . 0 -  5 . 4  0 . 0 -  8 .5  0 . 0 -  5 . 9  1 , 1 -  3 3 .0
Mean 5 .4  1 .5  3 .0  1 .6  1 .3  1 .9  5 .5
*The Moreland and Severn soils were excluded from these calculations.
s o i l s  w i t h  p r e d o m i n a n t l y  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l s ,  i n t e r m e d i a t e  
i n  s o i l s  h a v i n g  m ix e d  c l a y  m i n e r a l o g y ,  an d  l e a s t  i n  s o i l s  i n  t h e  
k a o l i n i t i c  c l a y  m i n e r a l  g r o u p .  The d i s t r i b u t i o n  an d  t r e n d s  w e re  a l s o  
s i m i l a r  w i t h i n  a  s o i l ,  i n  t h a t  s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  
a  s p e c i f i c  i o n  w e re  g e n e r a l l y  g r e a t e s t  i n  h o r i z o n s  h a v i n g  t h e  g r e a t e s t  
p e r c e n t  s a t u r a t i o n  o f  t h e  e x c h a n g e  c o m p le x  w i t h  t h a t  i o n  a n d  c o n v e r s e l y  
l e a s t  i n  h o r i z o n s  t h a t  w e r e  t h e  l e a s t  s a t u r a t e d .  The s i m p l e  c o r r e l a t i o n  
c o e f f i c i e n t s  b e tw e e n  e x c h a n g e a b l e  c a t i o n s  a n d  t h e  s o l u t i o n  e q u i l i b r i a  
c o n c e n t r a t i o n s  o f  c a t i o n s  a r e  g i v e n  i n  T a b l e  1 3 .  The r e l a t i o n s h i p s  f o r  
C a , Mg, K, an d  Na w e r e  s i g n i f i c a n t  a t  t h e  1% p r o b a b i l i t y  l e v e l .  T h e s e  
r e s u l t s  i n d i c a t e  t h a t  t h e  d i s t r i b u t i o n  o f  e x c h a n g e a b l e  C a, Mg, K, an d  
Na on  t h e  s o i l  e x c h a n g e  c o m p le x  i s  a n  i m p o r t a n t  f a c t o r  d e t e r m i n i n g  t h e  
s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  t h e s e  i o n s .
T a b l e  13 . S im p le  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  b e tw e e n  C a , Mg, K, an d  
Na m e a s u r e d  i n  e q u i l i b r a t e d  s o i l - w a t e r  s u s p e n s i o n s  a n d  i n  a  
n e u t r a l ,  n o r m a l  NH^OAc l e a c h a t e  f o r  20 s o i l s  i n  L o u i s i a n a .
PHW Ca Mg K Na
0 .7 4 * * 0 . 6 6 ** 0 .5 5 * * 0 .3 0 * * 0 .5 4 * *
* * D e n o te s  s i g n i f i c a n c e  a t  t h e  \%  l e v e l  o f  p r o b a b i l i t y .
The pH v a l u e s  m e a s u r e d  i n  t h e  s o i l - w a t e r  s u s p e n s i o n s  w e re  s i g n i f i ­
c a n t l y  c o r r e l a t e d  (1% p r o b a b i l i t y  l e v e l )  w i t h  t h e  s o i l  s u s p e n s i o n  pH 
v a l u e s .  The pH r e l a t i o n s h i p s  d i f f e r e d  som ew hat i n  t h e  t h r e e  s o i l  c l a y  
m i n e r a l o g y  g r o u p s .  I n  t h e  m o n t m o r i l l o n i t i c  m i n e r a l o g y  g r o u p ,  t h e  
s o l u t i o n  e q u i l i b r i a  pH a v e r a g e d  1 .5  u n i t s  ( 7 . 2  v e r s u s  5 . 7 )  h i g h e r  t h a n
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t h e  s o i l  p l ^  ( T a b le  2 a n d  T a b l e  1 2 ) .  The s o l u t i o n  e q u i l i b r i a  pH v a l u e s  
a v e r a g e d  0 . 8  ( 6 . 0  v e r s u s  5 . 2 )  an d  0 . 4  ( 5 . 4  v e r s u s  5 . 0 )  u n i t  h i g h e r  t h a n  
t h e  s o i l  p l ^  v a l u e s  i n  t h e  m ix e d  a n d  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p s ,  
r e s p e c t i v e l y .
The h o r i z o n s  h a v i n g  s o i l  pHw v a l u e s  l e s s  t h a n  8 . 0  t y p i c a l l y  
h a d  s o l u t i o n  e q u i l i b r i a  pH v a l u e s  t h a t  w e r e  g r e a t e r  t h a n  t h e  s o i l  pHw 
v a l u e s .  I n  s o i l  h o r i z o n s  h a v i n g  pH^ v a l u e s  o f  8 . 0  o r  g r e a t e r ,  s o l u t i o n  
e q u i l i b r i a  pH v a l u e s  w e r e  t y p i c a l l y  l e s s  t h a n  t h e  s o i l  pHw v a l u e s .  Most 
s o i l  h o r i z o n s  w i t h  pHw v a l u e s  o f  8 . 0  o r  g r e a t e r  w e r e  c a l c a r e o u s .
The s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  A l w e re  n o t  s i g n i f i ­
c a n t l y  r e l a t e d  (5% p r o b a b i l i t y  l e v e l )  t o  a n y  o f  t h e  Al m e a s u r e m e n ts  
p e r f o r m e d  on  t h e  s o i l s .  T h i s  l a c k  o f  c o r r e l a t i o n  w as e x p e c t e d ,  d u e  
l a r g e l y  t o  t h e  a m p h o t e r i c  n a t u r e  o f  h y d r o x y - A l  com pounds a n d  t h e  pH- 
d e p e n d e n t  n a t u r e  o f  t h e  v a r i o u s  f o rm s  a n d  q u a n t i t i e s  o f  Al i n  s o l u t i o n .  
F o r  e x a m p le ,  t h e  d e s c r i b e d  d i f f e r e n c e s  i n  s o i l  pH an d  s o l u t i o n  e q u i l i ­
b r i a  pH v a l u e s  c o u ld  r e s u l t  i n  c o n s i d e r a b l e  d i f f e r e n c e s  i n  t h e  fo rm s  a n d  
q u a n t i t i e s  o f  A l i n  t h e  e q u i l i b r i a  s o l u t i o n s  c o m p a re d  t o  w h a t  m ig h t  b e  
e x p e c t e d  i f  t h e s e  s o l u t i o n s  w e r e  a t  t h e  m e a s u r e d  s o i l  pH v a l u e .  T h e s e  
d i f f e r e n c e s  w o u ld  r e s u l t  i n  lo w e r  q u a n t i t i e s  o f  A l  i n  s o l u t i o n  t h a n  
m ig h t  b e  e x p e c t e d  f o r  m o s t  o f  t h e  s o i l s  i n  t h e  s t u d y .  A l s o ,  no  ExAl 
a n d  t h e  s m a l l e s t  q u a n t i t i e s  o f  o t h e r  fo rm s  o f  A l w e re  m e a s u r e d  i n  s o i l  
h o r i z o n s  h a v i n g  p l ^  v a l u e s  g r e a t e r  t h a n  6 . 0 .  T he  s o l u t i o n  e q u i l i b r i a  
c o n c e n t r a t i o n s  o f  Al i n  t h e s e  h o r i z o n s  w e re  n o t  p a r t i c u l a r l y  low when 
c o m p a red  t o  h o r i z o n s  w i t h  l o w e r  pHy v a l u e s .  I n  a d d i t i o n ,  t h e  m e th o d  o f  
d e t e r m i n i n g  t h e  s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  Al m e a s u r e s  t h e  
t o t a l  A l  i n  s o l u t i o n  r e g a r d l e s s  o f  fo rm .  V a l u e s  o b t a i n e d  i n  t h i s  m an n e r
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m i g h t  n o t  r e a s o n a b l y  b e  e x p e c t e d  t o  c o r r e l a t e  w i t h  t h e  v a l u e s  
o b t a i n e d  b y  d i f f e r e n t  a n a l y s e s  p e r f o r m e d  o n  t h e  s o i l s .  P e r h a p s  
t h e  u s e  o f  a n a l y t i c a l  t e c h n i q u e s  t h a t  p a r t i t i o n  t h e  A l  i n  s o l u t i o n  
i n t o  i t s  d i f f e r e n t  f o rm s  w o u l d  r e s u l t  i n  m o re  d e f i n i t i v e  r e l a t i o n s h i p s  
b e t w e e n  s o l u t i o n  c o n c e n t r a t i o n s  o f  A l  a n d  v a l u e s  o b t a i n e d  f r o m  s o i l  
a n a l y s e s .
M i n e r a l  s t a b i l i t y . T h e  s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  t h e  
c o m p o n e n ts  m e a s u r e d  w e r e  u s e d  t o  e v a l u a t e  t h e  s t a b i l i t y  r e l a t i o n s h i p s  
o f  s e v e r a l  m i n e r a l s  i n  t h e  K ^ O - A ^ O ^ - S i C ^ - l ^ O  s y s t e m  a t  25C a n d  o n e  
a t m o s p h e r e  p r e s s u r e .  C o m p o n e n ts  c o n s i d e r e d  i n  t h e  s y s t e m  i n c l u d e d  
a m o rp h o u s  s i l i c a ,  q u a r t z ,  g i b b s i t e ,  k a o l i n i t e ,  K - m i c a ,  a n d  K - f e l d s p a r .  
T h e  p a r a g r a p h s  t h a t  f o l l o w  b r i e f l y  d e s c r i b e  t h e  r a t i o n a l e  o f  t h e  
m e th o d s  a n d  a p p r o a c h  u s e d .
The d r i v i n g  f o r c e  o f  a  c h e m i c a l  r e a c t i o n  i s  r e l a t e d  t o  t h e  c o n ­
c e n t r a t i o n  o f  t h e  r e a c t a n t s  a n d  t h e  p r o d u c t s .  I n  a  m i x t u r e  a t  e q u i -  
l i b i u m ,  t h e  a c t i v i t i e s  o f  t h e  c h e m i c a l  s p e c i e s  p r e s e n t  a r e  r e l a t e d  b y  
a  s e t  o f  m a s s - a c t i o n  e q u i l i b r i u m  e q u a t i o n s .  F o r  e a c h  p o s s i b l e  r e a c t i o n  
o f  t h e  fo rm
i n  w h ic h  l o w e r c a s e d  l e t t e r s  a r e  t h e  s t o c h i o m e t r i c  c o e f f i c i e n t s  o f  t h e  
c h e m i c a l  s p e c i e s  r e p r e s e n t e d  b y  t h e  u p p e r c a s e d  l e t t e r s ,  t h e r e  i s  a n
aA +  bB = cC +  dD (1)
a p p l i c a b l e  m a s s  a c t i o n  e q u a t i o n  o f  t h e  f o r m
(2 )
I n  t h i s  e q u a t i o n ,  K i s  t h e  e q u i l i b r i u m  c o n s t a n t  a n d  t h e  b r a c k e t s  
r e p r e s e n t  t h e  a c t i v i t i e s  o f  t h e  c h e m i c a l  s p e c i e s  e n c l o s e d  b y  t h e
b r a c k e t s .
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The e q u i l i b r i u m  c o n s t a n t  (K) f o r  a  r e a c t i o n  c a n  a l s o  b e  d e r i v e d
f ro m  t h e  s t a n d a r d  f r e e . e n e r g y  c h a n g e  o f  t h a t  r e a c t i o n .  The s t a n d a r d
o
f r e e  e n e r g y  c h a n g e ,  A F r ,  f o r  e q u a t i o n  ( 1 ) i s  t h e  sum o f  t h e  s t a n d a r d
o
f r e e  e n e r g i e s  o f  f o r m a t i o n ,  A F f ,  o f  t h e  p r o d u c t s  t i m e s  t h e i r  
s t o c h i o m e t r i c  c o e f f i c i e n t s  m in u s  t h a t  o f  t h e  r e a c t a n t s  t i m e s  t h e i r  
s t o c h i o m e t r i c  c o e f f i c i e n t s
A F r  = c A F f , C +  d A F f ,  D -  ( a  A F f ,  A +  b  A F f ,  B) (3 )  
T h i s  s t a n d a r d  f r e e  e n e r g y  c h a n g e  o f  t h e  r e a c t i o n  i s  r e l a t e d  t o  t h e  
e q u i l i b r i u m  c o n s t a n t  f o r  t h e  r e a c t i o n  b y  t h e  e q u a t i o n ,
A F r  = - 1 . 3 6 4  l o g  K (4 )
T h e s e  e q u a t i o n s  m ay b e  u s e d  t o  r e l a t e  e x p e r i m e n t a l l y  d e r i v e d  e q u i ­
l i b r i u m  d a t a  t o  t h e r m o c h e m i c a l  d a t a  d e r i v e d  f r o m  c o l o r i m e t r i c  m e a s u r e ­
m e n t s .  C o m p i l a t i o n s  o f  s t a n d a r d  f r e e  e n e r g i e s  o f  f o r m a t i o n  a r e  a v a i l ­
a b l e  i n  a  l a r g e  n u m b e r  o f  p u b l i c a t i o n s  an d  a r e  f r e q u e n t l y  r e v i s e d  and 
u p d a t e d .  The s t a n d a r d  f r e e  e n e r g i e s  o f  f o r m a t i o n  u s e d  i n  t h e  c a l c u ­
l a t i o n s  i n  t h i s  w o r k  a r e  l i s t e d  i n  T a b l e  14 .
T he  r e l a t i o n s h i p s  d e s c r i b e d  i n  e q u a t i o n s  1 - 4  c a n  b e  u s e d  t o  
c o n s t r u c t  g r a p h s  t h a t  show t h e  r e l a t i o n s h i p  o f  a  m i n e r a l  o r  m i n e r a l s  
t o  t h e  a c t i v i t i e s  o f  t h e  d i s s o l v e d  i o n  s p e c i e s  b y  m e a n s  o f  a  p h a s e  
d i a g r a m .  F i v e  p h a s e  d i a g r a m s  w e r e  c o n s t r u c t e d  t o  a i d  i n  e v a l u a t i n g  
t h e  m i n e r a l  r e l a t i o n s h i p s  i n  t h e  K ^ O - A ^ O ^ - l ^ O - S i O j  s y s te m  i n  t h i s  s t u d y .
The f o l l o w i n g  a s s u m p t i o n s  w e r e  a p p l i e d  t o  t h e  c a l c u l a t i o n s  o f  
t h e  p h a s e  d i a g r a m s  a n d  m i n e r a l  s t a b i l i t y  r e l a t i o n s h i p s :
( 1 )  The s y s t e m  w as  a t  s t a n d a r d  c o n d i t i o n s  o f  one  a t m o s p h e r e  
p r e s s u r e  a n d  25C.
(2 )  The a c t i v i t y  o f  t h e  s o l u b l e  c o n s t i t u e n t s  w as e q u a l  t o  t h e  
m e a s u r e d  s o l u t i o n  c o n c e n t r a t i o n  o f  t h a t  c o n s t i t u e n t ,  an d
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T a b l e  1 4 .  S t a n d a r d  f r e e  e n e r g i e s  o f  f o r m a t i o n  v a l u e s  u s e d  i n  c a l c u ­
l a t i n g  p h a s e  d i a g r a m s  a n d  m i n e r a l  s t a b i l i t y  r e l a t i o n s h i p s .
Com ponent
F r e e  e n e r g y  0  
o f  f o rm a t - i  nn ( A  F f ) *
K c a l / m o l e
A l ^  A q u e o u s - 1 1 5 . 0
AlCOH)^ G i b b s i t e - 2 7 3 . 5
A l(C H )J - 2 1 6 . 1
A 1(0H )“ - 3 1 1 . 3
H4 S i0 4 - 3 1 2 . 8
H3 S i ° 4 - 2 9 9 . 3
h 2 o - 5 6 . 6 9
KT*" - 6 7 . 4 7
H+ 0
A l 2 S i 2 0 2  (0 H ) 4  K a o l i n i t e - 9 0 2 . 7
K A lSi^O g K - f e l d s p a r  ( m i c r o c l i n e ) - 8 9 2 . 8
KAl3 Si^O ^Q (O H ) 2  K -m ic a  ( m u s c o v i t e ) - 1 3 3 0 . 1
S i 0 2  Q u a r t z - 2 0 4 . 6
S i 0 2  A m o rp h o u s - 2 0 3 . 1
OH" - 3 7 . 6
^ S o u r c e :  B e r n e r ,  1971
i
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a n d  t h e  a c t i v i t y  o f  s o l i d s  a n d  p u r e  w a t e r  w as  
u n i t y .
( 3 )  T h e  s o l u b l e  S i  m e a s u r e d  w a s  i n  t h e  f o r m  H ^S iO ^  a t  pH
^ 1 0  a n d  H ^SiO ij a t  pH > 1 0 .
+ 3( 4 )  T h e  s o l u b l e  A l  m e a s u r e d  w a s  i n  t h e  f o r m  A l  a t  pH
— 4 . 5 ,  A 1 ( 0 H ) J  a t  pH 4 . 6 - 6 . 7 ,  a n d  A 1 (0 H )^  a t  pH > 6 . 7 .
( 5 )  T h e  r e a c t i o n s  b e t w e e n  m i n e r a l  c o m p o n e n t s  a s s u m e  t h a t  S i  
a n d  A l  a r e  c o n s e r v e d  a n d  r e m a i n  i n  t h e  s y s t e m .
V a l u e s  f o r  a c t i v i t i e s  c a n  b e  o b t a i n e d  f r o m  c o n c e n t r a t i o n s  o f  
s o l u b l e  c o n s t i t u e n t s  t h a t  h a v e  d i s s o l v e d  a s  a  r e s u l t  o f  a n  e q u i ­
l i b r a t i o n  o f  s o l i d  m i n e r a l s  w i t h  w a t e r .  T he  D e b y e - H u c k l e  m e th o d  i s  
n o r m a l l y  u s e d .  T h e  c a l c u l a t i o n  i s  n e c e s s a r y  o n l y  w h e r e  i o n i c  s t r e n g t h s  
a r e  g r e a t e r  t h a n  0 . 0 0 5 .  A t  i o n i c  s t r e n g t h s  l e s s  t h a n  t h a t  a c t i v i t y  
c o e f f i c i e n t s  a r e  n e a r  u n i t y .  T h i s  c a n  b e  d e m o n s t r a t e d  b y  d e t e r m i n i n g  
t h e  a c t i v i t y  c o e f f i c i e n t s  f o r  t h e  d a t a  i n  T a b l e  1 5 .  T h e  c o n c e n t r a ­
t i o n s  i n  t h e  t a b l e  a r e  t h e  maximum  v a l u e s  o b t a i n e d  i n  t h e  e q u i l i b r i u m  
s o l u t i o n s  a n d  t h e r e f o r e  r e p r e s e n t  t h e  maximum p o s s i b l e  i o n i c  s t r e n g t h  
o f  t h e  e q u i l i b r i a  s o l u t i o n s .  T h e  a n i o n s  l i s t e d  i n  t h e  t a b l e  w e r e  n o t  
d e t e r m i n e d  b u t  r e p r e s e n t  a s s u m e d  v a l u e s  i n  w h i c h  h a l f  o f  t h e  c a t i o n  
c h a r g e s  a r e  n e u t r a l i z e d  b y  m o n o v a l e n t  a n d  h a l f  b y  d i v a l e n t  a n i o n s .
The individual ion activity coefficient is given by the Debye-
' ‘ A Z ^ i  \1—t —Huckle expression - log bi =   f
1 +  a i  Bf' I
H e r e ,  b i s  t h e  a c t i v i t y  c o e f f i c i e n t  o f  t h e  i o n  s p e c i e s  ( i ) ,  2  i s  t h e
g
c h a r g e  o n  t h e  i o n  a n d  a i  i s  a  c o n s t a n t  f o r  t h e  i o n  a n d  e q u a l s  9 x  10 
f o r  A l .  A a n d  B a r e  c o n s t a n t s  c h a r a c t e r i s t i c  o f  t h e  s o l v e n t .  I n
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T a b l e  1 5 .  The maximum c o n c e n t r a t i o n  o f  s o l u b l e  c o m p o n e n ts  i n  t h e  
e q u i l i b r a t e d  s o i l - w a t e r  s u s p e n s i o n s .
Ion species Concentration
( 1 0 - 5 ) M
Al+3 5 . 4
H4Si04 1 1 .7
Ca++ 1 6 4 .5
Mg++ 1 6 2 .5
K+ 1 8 .7
Na+ 2 0 8 .7
H+ 1 . 3
Anion- 7 9 2 .6
Anibn-^ 3 9 6 .3
w a t e r  a t  25C a n d  o n e  a tm o s p h e r e  p r e s s u r e  A = 0 .5 0 8 5  a n d  B = 0 .3 2 8 1  x  1 0 “ ®,
I  i s  t h e  i o n i c  s t r e n g t h  a n d  i s  e q u a l  t o  % £  M iZ i w h e re  M i s  t h e  
m o l a l i t y  o f  t h e  i o n  s p e c i e s  i  i n  s o l u t i o n .
S o l v i n g  f o r  t h e  a c t i v i t y  c o e f f i c i e n t  o f  A l u s i n g  t h i s  e q u a t i o n  a n d  
t h e  d a t a  i n  T a b le  15 y i e l d s  0 . 3 0 .  T h u s ,  t h e  a c t i v i t y  o f  A l+ 3  i s  0 . 3 0  x
e  “ 6
5 .3 7  x  10 o r  8 . 2  x  1 0 ” an d  t h e  r e s p e c t i v e  p A l  v a l u e s  a r e  4 . 3  a n d  5 . 1 .  
The a c t u a l  d i f f e r e n c e s  i n  p v a l u e s  f o r  i o n s  i n  t h e  s o l u t i o n s  w o u ld  b e  
l e s s .  H o w ev er ,  d i f f e r e n c e s  i n  i n t e r p r e t a t i o n s  a r e  p o s s i b l e  w hen  i o n  c o n ­
c e n t r a t i o n  a n d  a c t i v i t y  a r e  c o n s i d e r e d  e q u a l .  The p o i n t s  p l o t t e d  o n  t h e  
p h a s e  d i a g r a m s  i n  t h i s  s t u d y  w e r e  b a s e d  o n  c o n c e n t r a t i o n  v a l u e s .  I n  a l l  
t h e  s o i l s ,  c a l c u l a t i o n s  b a s e d  o n  i o n  a c t i v i t i e s  a n d  o n  c o n c e n t r a t i o n  
g i v e  p l o t s  t h a t  f a l l  w i t h i n  t h e  same f i e l d  o n  t h e  p h a s e  d i a g r a m s .  Con­
s e q u e n t l y ,  f o r  t h e  m a t e r i a l  p r e s e n t e d  i n  t h i s  s e c t i o n ,  t h e  u s e  o f  e i t h e r  
c o n c e n t r a t i o n  o r  a c t i v i t y  v a l u e s  r e s u l t  i n  t h e  same i n t e r p r e t a t i o n s .
E a c h  o f  t h e  d i a g r a m s  p r e s e n t e d  w e re  c o n s t r u c t e d  i n  a  m an n e r  s i m i l a r  
t o  t h e  m e th o d  d e s c r i b e d  i n  d e t a i l  f o r  F i g u r e  16 i n  t h e  f o l l o w i n g  p a r a ­
g r a p h s .  The c a l c u l a t i o n s  a n d  m e th o d  o f  c o n s t r u c t i o n  o f  p h a s e  d i a g r a m s  
s i m i l a r  t o  t h o s e  i n  t h i s  s e c t i o n  ( F i g u r e s  1 6 - 2 1 )  h a v e  b e e n  d e s c r i b e d  i n  
d e t a i l  b y  o t h e r  a u t h o r s  ( G a r r e l s  a n d  C h r i s t ,  1 9 6 5 ) .
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The p h a s e  d i a g r a m  s t a b i l i t y  f i e l d  f o r  t h e  m i n e r a l  g i b b s i t e  may b e
e x p r e s s e d  i n  t e r m s  o f  Al i n  s o l u t i o n  an d  pH. F i g u r e  16 shows t h a t
stability field. Although other forms of Al in solution may be present,
only the Al"*"3 , AlfOH)^, and Al(QH)^ forms were considered. The pH
+3 +v a l u e  a t  t h e  a p p a r e n t  i s o e l e c t r i c  p o i n t  o f  A l a n d  A1 ( 0 H> 2  i s  4 . 5 .  F o r  
A1(0H ) 2  an d  A1(0H)^> PH a t  a p p a r e n t  i s o e l e c t r i c  p o i n t  i s  6 . 7 .
The e q u i l i b r i u m  b o u n d a r y  o f  g i b b s i t e  a n d  a n  a c i d  s o l u t i o n  w i t h  a  
pH lo w e r  t h a n  4 . 5  i s  e x p r e s s e d  by  t h e  e q u a t i o n ,
A1(0H ) 3  +  3H+  = Al+ 3  +  3 H2 0 .
T hen , K = , an d  l o g  K = l o g  [a 1+3]  -  3 lo g  [ h+3 •
[h + J3
A p p ly in g  e q u a t i o n  ( 3 ) ,  A ,  F r  = -1 1 5  +  3 ( - 5 6 . 6 9 )  -  ( - 2 7 3 . 5 )
= - 1 1 . 5 7 .
A p p ly in g  e q u a t i o n  ( 4 ) ,  l o g  K = . ^ 3 5 4  “  8 . 5 .
Thus,
- log [a 1 3+]  = 3 pH -  8 .5  or p [ a 1 3+]  = 3 pH - 8 . 5 .
From t h i s  e x p r e s s i o n  i t  i s  e v i d e n t  t h a t  t h e  v a l u e  o f  p £  A l+ ^] i s  a  
l i n e a r  f u n c t i o n  o f  pH a n d  c a n  b e  u s e d  t o  c o n s t r u c t  t h e  l i n e  o r  b o u n d a r y  
i n  F i g u r e  16 b e tw e e n  A l"^3  i n  s o l u t i o n  an d  g i b b s i t e  a t  pH v a l u e s  b e lo w
4 . 5 .
F o r  d i s s o l u t i o n  o f  g i b b s i t e  b e tw e e n  pH v a l u e s  o f  4 . 5  a n d  6 . 7 ,
+
t h e  d o m in a n t  fo rm  o f  Al r e l e a s e d  i s  t h e  A1(0H ) 2  i o n .  The e q u i l i b r i u m  
r e a c t i o n  i s  i n d i c a t e d  b y  t h e  e q u a t i o n ,
Al(OH ) 3  +  H+  = Al(OH ) 2  +  H2 0 .
T h e n ,  K = _ I _ _ !— ^ — a n d  s o l v i n g  a s  b e f o r e
[H+ ]
-  l o g  [ a 1 ( 0 H>2 ]  = pH +  0 . 5  o r  p [ a U O H ) ^ ]  = pH + 0 . 5 .
I
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F i g u r e  1 6 .  S t a b i l i t y  o f  g i b b s i t e  e x p r e s s e d  i n  t e r m s  
o f  pH a n d  a c t i v i t i e s  o f  Al+ ^ ,  AlCOH)^, 
a n d  A 1(0H )£  s h o w in g  t h e  r e s u l t s  f r o m  t h e  
B e a u r e g a r d  s o i l .
Ill
T h i s  e x p r e s s i o n  c a n  b e  u s e d  t o  c o n s t r u c t  t h e  b o u n d a r y  b e tw e e n  
P £ a 1(0H )^J  a n d g i b b s i t e  shown i n  F i g u r e  16 b e tw e e n  pH v a l u e s  4 . 5  
and  6 . 7 .
F o r  d i s s o l u t i o n  o f  g i b b s i t e  a t  pH v a l u e s  g r e a t e r  t h a n  6 . 7 ,  t h e  
d o m in a n t  f o r m  o f  A l r e l e a s e d  i s  t h e  A l(O H )^  i o n .
A 1(0H ) 3  +  OH" = A1(0H>4 
T h u s ,  K = jAlCOH)^^ £ '  an<  ̂ s o l v i n g  a s  b e f o r e  -  l o g  Ja1(0H)^J =
1 3 .8  -  pH o r  p ^ A l(O H )^  j  = 1 3 .8  -  pH. T h i s  e x p r e s s i o n  c a n  t h e n  b e  
u s e d  t o  c o n s t r u c t  t h e  b o u n d a r y  b e tw e e n  p j^Al(OH)^J a n d  g i b b s i t e  shown 
i n  F i g u r e  16 a t  pH v a l u e s  a b o v e  6 . 7 .
The a r e a  i n  F i g u r e  16 l a b e l l e d  g i b b s i t e  an d  b o u n d e d  by  s o l i d  l i n e s
+3i n d i c a t e s  t h e  g i b b s i t e  s u p e r s a t u r a t i o n  f i e l d .  The a r e a s  l a b e l l e d  A l , 
A lfO H )^ , a n d  A l ( 0 H> 4  a n d  b o u n d e d  b y  a  c o m b i n a t i o n  o f  s o l i d  a n d  d a s h e d  
l i n e s  i n d i c a t e  t h e  pH r a n g e s  o v e r  w h ic h  t h a t  p a r t i c u l a r  i o n  s p e c i e s  o f  
Al i s  d o m in a n t  i n  s o l u t i o n .
I n  e q u i l i b r i u m  s o l u t i o n s ,  a  c o m b i n a t i o n  o f  pH a n d  pA l v a l u e s
t h a t  p l o t  w i t h i n  t h e  g i b b s i t e  s t a b i l i t y  f i e l d  w o u ld  i n d i c a t e  t h a t  t h e  
s o l u t i o n  w a s  s a t u r a t e d  w i t h  r e s p e c t  t o  g i b b s i t e .  T h u s ,  i f  p r e s e n t ,
g i b b s i t e  w o u ld  n o t  c o n t i n u e  t o  d i s s o l v e  a n d  w o u ld  b e  a  s t a b l e  p h a s e  o f
A l .  C o n v e r s e l y ,  t h o s e  c o m b i n a t i o n s  t h a t  p l o t  o u t s i d e  t h e  g i b b s i t e  
s t a b i l i t y  f i e l d  w o u ld  i n d i c a t e  u n d e r s a t u r a t i o n  w i t h  r e s p e c t  t o  g i b b s i t e .  
U nder  t h e s e  c o n d i t i o n s  g i b b s i t e  w o u ld  n o t  b e  s t a b l e  a n d  w ou ld
+3d i s s o c i a t e  w i t h  t h e  p r e d o m i n a n t  d i s s o c i a t i o n  p r o d u c t  b e i n g  e i t h e r  A l ,
A l ( 0 H ) 2 , o r  A 1 (0 H )^  d e p e n d i n g  on t h e  pH o f  t h e  s o l u t i o n .
The d a t a  f ro m  a l l  t h e  s o i l s  w as p l o t t e d  o n  p h a s e  d i a g r a m s  l i k e  t h e
one i n  F i g u r e  1 6 .  The r e s u l t s  f o r  t h e  B e a u r e g a r d  s o i l  a r e  shown i n
112
F i g u r e  1 6 .  On t h e s e  d i a g r a m s ,  a l l  h o r i z o n s  f ro m  a l l  t h e  s o i l s  p l o t t e d  
w i t h i n  t h e  a r e a  i n d i c a t i n g  s u p e r s a t u r a t i o n  w i t h  r e s p e c t  t o  g i b b s i t e .  
H o w ev er ,  t h e s e  r e s u l t s  c a n n o t  b e  i n t e r p r e t e d  a s  t h e  t r u e  s t a b i l i t y  o f  
g i b b s i t e  i n  t h e  s o l u t i o n s .  N e i t h e r  do  t h e y  i n d i c a t e  t h a t  g i b b s i t e  
c o n t r o l s  t h e  c o n c e n t r a t i o n  o f  Al i n  s o l u t i o n .  L a t e r  d i s c u s s i o n s  w i l l  
i n d i c a t e  t h a t  t h e  q u a n t i t y  o f  s i l i c a  i n  s o l u t i o n  c a n  b e  a  d e t e r m i n i n g  
f a c t o r  i n  t h e  s t a b i l i t y  o f  g i b b s i t e .  The d a t a  f r o m  m o s t  o f  t h e  s o i l  
h o r i z o n s  p l o t t e d  w e l l  w i t h i n  t h e  a r e a  i n d i c a t i n g  s u p e r s a t u r a t i o n  w i t h  
r e s p e c t  t o  g i b b s i t e .  T h i s  s u g g e s t s  t h a t  c o m p o n e n ts  m ore  s o l u b l e  t h a n  
g i b b s i t e  c o n t r o l l e d  t h e  q u a n t i t i e s  o f  Al i n  s o l u t i o n .  O th e r  i n v e s t i ­
g a t o r s  ( B l a n c h a r  a n d  S c r i v n e r ,  19 7 2 )  h a v e  shown s i m i l a r  r e s u l t s  i n  
s t u d i e s  o f  e q u i l i b r a t e d  s o i l  s u s p e n s i o n s .  Am orphous a n d / o r  r e c e n t l y  
f o rm e d  Al com pounds i n  t h e  s o i l  may b e  m o re  s o l u b l e  t h a n  g i b b s i t e  r e ­
s u l t i n g  i n  e q u i l i b r a t e d  s o l u t i o n s  t h a t  a r e  s u p e r s a t u r a t e d  w i t h  r e s p e c t  
t o  g i b b s i t e  ( B l a n c h a r  an d  S c r i v n e r ,  1 9 7 2 ) .  O r g a n i c - A l  c o m p le x e s  may 
a l s o  b e  a n  i m p o r t a n t  f a c t o r  i n  m a i n t a i n i n g  s o l u t i o n  c o n c e n t r a t i o n s  o f  
Al t h a t  a r e  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  g i b b s i t e .  Huang a n d  K e l l e r  
(1 9 7 0 )  h a v e  i n d i c a t e d  t h a t  c e r t a i n  o r g a n i c  com pounds  c a n  i n c r e a s e  A l 
s o l u b i l i t y  b y  f o r m a t i o n  o f  A l - o r g a n i c  c o m p le x e s .
The r e l a t i o n s h i p  b e tw e e n  a m o rp h o u s  s i l i c a  a n d  q u a r t z  i n  t e r m s  o f  pH 
a n d  t h e  a c t i v i t y  o f  H ^SiO ^ i s  shown i n  F i g u r e  1 7 .  The p h a s e  d i a g r a m s  
w e r e  c o n s t r u c t e d  f r o m  c a l c u l a t i o n s  b a s e d  on t h e  f o l l o w i n g  r e a c t i o n s  f o r  
q u a r t z  an d  a m o rp h o u s  S i 0 2 5 SiC>2 +  2 ^ 0  = H^SiO^ a t  pH < 1 0 .  T he  
H3 SXO4  i s  p r e d o m i n a n t  o v e r  H 4S i04  i n  s o l u t i o n s  h a v i n g  pH v a l u e s  a b o v e  1 0 .  
S i n c e  n o n e  o f  t h e  s a m p le s  i n  t h i s  s t u d y  h ad  pH v a l u e s  a s  h i g h  a s  10 t h e  
s o l u b i l i t i e s  o f  q u a r t z  a n d  a m o rp h o u s  s i l i c a  a t  t h e s e  h i g h  pH v a l u e s  a r e  
n o t  sh o w n . The r e s u l t s  f ro m  a l l  t h e  s o i l s  w e re  p l o t t e d  on  p h a s e
5“
Q u a r t z
3 _
A m orphous s i l i c a  
s a t u r a t i o n
6 104 82
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F i g u r e  1 7 .  S t a b i l i t y  f i e l d s  o f  q u a r t z  a n d
a m o rp h o u s  s i l i c a  i n  t e r m s  o f  pH a n d  
p S i  s h o w in g  t h e  r e s u l t s  f r o m  t h e  
D undee  s o i l .
d i a g r a m s  i d e n t i c a l  t o  t h e  o n e  i n  F i g u r e  17 o n  w h ic h  t h e  r e s u l t s  f o r  t h e  
D undee  s o i l  a r e  sh o w n . A l l  t h e  h o r i z o n s  f ro m  a l l  t h e  s o i l s  p l o t t e d  o u t ­
s i d e  q u a r t z  s t a b i l i t y  f i e l d  a n d  i n  t h e  H^SiO^ s o l u t i o n - p h a s e  f i e l d .
S i n c e  a m o rp h o u s  s i l i c a  s o l u b i l i t y  a n d  q u a r t z  s t a b i l i t y  a r e  i n d e p e n d e n t  
o f  o t h e r  i o n  s p e c i e s  c o n s i d e r e d  i n  t h i s  s t u d y ,  t h e s e  d i a g r a m s  d e p i c t  t h e  
r e l a t i o n s h i p s  o f  t h e s e  c o m p o n e n ts  i n  t h e  s o i l s .  S i n c e  t h e  s o l u t i o n s  w e r e  
n o t  s a t u r a t e d  w i t h  r e s p e c t  t o  am o rp h o u s  s i l i c a  o r  q u a r t z  t h e s e  c o m p o n e n ts  
c o u l d  b e  e x p e c t e d  t o  c o n t i n u e  t o  d i s s o c i a t e .  One p o s s i b l e  i n t e r p r e ­
t a t i o n  i s  t h a t  s i l i c a t e  c o m p o n e n ts  w i t h  l o w e r  s i l i c a  s o l u b i l i t y  t h a n  
q u a r t z  c o n t r o l l e d  t h e  s o l u t i o n  c o n c e n t r a t i o n s  o f  s i l i c a .  P h a s e  d i a g r a m s  
t o  b e  p r e s e n t e d  i n  l a t e r  d i s c u s s i o n s  w i l l  i n d i c a t e  t h a t  k a o l i n i t e  may b e  
a  s t a b l e  m i n e r a l  a t  l o w e r  c o n c e n t r a t i o n s  o f  s i l i c a  i n  s o l u t i o n  t h a n  i s  
t h e  c a s e  f o r  q u a r t z  o r  am o rp h o u s  s i l i c a .  A n o t h e r  p o s s i b l e  i n t e r p r e t a t i o n  
i s  t h a t  q u a r t z  a c t u a l l y  c o n t r o l l e d  t h e  c o n c e n t r a t i o n s  o f  s i l i c a  i n  
s o l u t i o n .  P o s s i b l y ,  b e c a u s e  o f  t h e  e x t r e m e l y  s lo w  d i s s o l u t i o n  r a t e  o f  
q u a r t z ,  t h e  e q u i l i b r a t i o n  t im e  w as  t o o  s h o r t  f o r  t h e  s o l u t i o n s  t o  r e a c h  
s a t u r a t i o n  w i t h  r e s p e c t  t o  q u a r t z .
The s t a b i l i t y  f i e l d s  o f  a l u m i n o - s i l i c a t e s  a r e  d e p e n d e n t  on  m ore  
t h a n  two v a r i a b l e s .  I n  s u c h  c a s e s  t h r e e  d i m e n s i o n a l  d i a g r a m s  a r e  h e l p ­
f u l  i n  s h o w in g  s t a b i l i t y  r e l a t i o n s h i p s .  F o r  e x a m p l e ,  c o m b in in g  t h e  
A^ 2 ° 3 _I120  an<* S i C ^ - ^ O  s y s te m s  a l r e a d y  d e s c r i b e d  r e s u l t s  i n  t h e  
^ 2 ® 3 “ ®^®2" h 2® s y s t e m .  T h i s  s y s te m  i n c l u d e s  t h e  i m p o r t a n t  s o i l  com­
p o n e n t s ;  am o rp h o u s  s i l i c a ,  q u a r t z ,  g i b b s i t e ,  a n d  k a o l i n i t e .  The r e ­
l a t i o n s h i p s  b e tw e e n  t h e s e  c o m p o n e n ts  c a n  b e  shown i n  t h r e e - d i m e n s i o n a l  
d i a g r a m s  s u c h  a s  F i g u r e  1 8 .  I n  t h e s e  d i a g r a m s ,  s t a b i l i t y  r a n g e s  o f  t h e  
v a r i o u s  c o m p o n e n ts  a p p e a r  a s  v o l u m e s .  The r a n g e s  f o r  a m o rp h o u s  s i l i c a ,  
q u a r t z ,  k a o l i n i t e ,  a n d  g i b b s i t e  a s  f u n c t i o n s  o f  p A l ,  p S i ,  a n d  pH a r e
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F i g u r e  1 8 .  S t a b i l i t y  f i e l d s  o f  a m o rp h o u s  s i l i c a ,  q u a r t z ,  
k a o l i n i t e ,  a n d  g i b b s i t e  i n  t e r m s  o f  pH a n d  
a c t i v i t i e s  o f  H ^ S iO ^ ,  Al+  , A l ( 0 H ) 2 ,  a n d  
A l(O H )^  i o n s .
I i
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show n i n  F i g u r e  1 8 .  R e a c t i o n s  c o n s i d e r e d  i n  c o n s t r u c t i n g  t h e  p h a s e  
d i a g r a m  i n  F i g u r e  18 w e r e :
( 1 )  T h o se  w r i t t e n  f o r  t h e  d i s s o l u t i o n  o f  g i b b s i t e  u s e d  i n  
c o n s t r u c t i n g  F i g u r e  16 .
(2 )  The e q u a t i o n  f o r  t h e  d i s s o l u t i o n  o f  a m o rp h o u s  s i l i c a  and  
q u a r t z  u s e d  i n  c o n s t r u c t i n g  F i g u r e  17 .
(3 )  The k a o l i n i t e - g i b b s i t e  e q u i l i b r i u m  r e a c t i o n .
S i 2 A l 2 05 (0H ) 4  +  5H2 0  = 2A1(0H ) 3  +  2H4 S i 0 4
(4 )  The d i s s o c i a t i o n  o f  k a o l i n i t e  a t  d i f f e r e n t  pH v a l u e s .  
S i 2 A l 2 0 5 (0H ) 4  +  6 H+  = 2A1+ 3  +  2H4 S i 0 4  +  H2 0  a t  pH < 4 . 5
S i 2 A l 2 0 5 (0H ) 4  +  5H2 0 = 2A1(0H ) 2  +  2H4 S i 0 4  +  2 (OH)" a t  pH 4 . 5 - 6 .7
S i 2 A l 2 0 5 ( 0 H) 4  +  7 H2 0  = 2 A l ( 0 H) 4  +  2 H4 S i 0 4  +  2H+  a t  pH ^ 6 . 7
T h r e e  d i m e n s i o n a l  d i a g r a m s  s u c h  a s  F i g u r e  18 a r e  p a r t i c u l a r l y  h e l p ­
f u l  i n  e s t a b l i s h i n g  a c t i v i t y  r a n g e s  w h e r e  t w o - d i m e n s i o n a l  d i a g r a m s  a r e  
a p p l i c a b l e .  F o r  e x a m p le ,  a n  i m p o r t a n t  c h a r a c t e r i s t i c  o f  F i g u r e  18 i s
t h a t  a t  p S i  v a l u e s  b e lo w  4 . 9  t h e  s t a b i l i t y  f i e l d s  f o r  s o l i d  p h a s e  com­
p o n e n t s  e x p a n d  i n  b o t h  t h e  pH a n d  pAl d i m e n s i o n s .  As a  r e s u l t ,  a l l  t h e  
d a t a  t h a t  p l o t t e d  i n  t h e  g i b b s i t e  s t a b i l i t y  f i e l d  i n  F i g u r e  16 c a n  b e  
a c c u r a t e l y  shown on  t w o - d i m e n s i o n a l  d i a g r a m s  t a k e n  f ro m  t h e  p H - p S i  p l a n e  
i n  F i g u r e  1 8 .  A l l  t h e  d a t a  i n  t h i s  s t u d y  p l o t t e d  i n  t h e  g i b b s i t e  
s t a b i l i t y  f i e l d  i n  F i g u r e  1 6 .
The s t a b i l i t y  r e l a t i o n s h i p s  o f  a m o rp h o u s  s i l i c a ,  q u a r t z ,  k a o l i n i t e ,  
a n d  g i b b s i t e  a r e  shown i n  a  t w o - d i m e n s i o n a l  d i a g r a m  i n  F i g u r e  19 t a k e n  
f ro m  t h e  p H -p S i  p l a n e  a t  pA l = 4  i n  F i g u r e  1 8 .  F i g u r e  19 d o e s  a p p l y  f o r  
a l l  pA l v a l u e s  o b t a i n e d  i n  t h i s  s t u d y .  The d a t a  f ro m  t h e  h o r i z o n s  o f  a l l  
t h e  s o i l s  w e r e  p l o t t e d  o n  i d e n t i c a l  d i a g r a m s  t o  t h e  o n e  s h o w in g  t h e  
r e s u l t s  f o r  t h e  M y a t t  i n  F i g u r e  19 . The r e s u l t s  i n d i c a t e d  t h a t  o n l y
6 '
G i b b s i t e
5 “  -
K a o l i n i t e
( 3 3 - 5 8 c m ^  ( 1 8 - 3 3 c m )
J  ( 5 8 - 8 1 c m ) /  1 N .  ( 0 - 1 8 c r a )
k } ^ ^ ( 8 1 - 1 0 9 0 0 )
\ Q u a r t z  s a t u r a t i o n
3 -
\ O pal s a t u r a t i o n
t- ------------ 1------------- r
4  6  8  10
PH
F i g u r e  1 9 .  S t a b i l i t y  r e l a t i o n s h i p s  o f  g i b b s i t e ,
k a o l i n i t e ,  q u a r t z ,  a n d  a m o rp h o u s  s i l i c a  
i n  t e r m s  o f  pH a n d  p S i  s h o w in g  d a t a  
p o i n t s  f o r  t h e  M y a t t  s o i l .
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f o u r  s o i l  h o r i z o n s  came t o  e q u i l i b r i u m  w i t h  t h e  m i n e r a l  g i b b s i t e .  T hey  
w e r e  t h e  t h r e e  h o r i z o n s  b e tw e e n  18 and  69  cm i n  t h e  B e a u r e g a r d  s o i l  a n d  
t h e  h o r i z o n  a t  2 0 -4 3  cm i n  t h e  A c a d ia  s o i l .  The r e m a i n i n g  h o r i z o n s  a l l  
p l o t t e d  w i t h i n  t h e  a r e a  i n d i c a t i n g  s a t u r a t i o n  w i t h  r e s p e c t  t o  k a o l i n i t e  
a n d  u n d e r s a t u r a t i o n  w i t h  r e s p e c t  t o  q u a r t z  a n d  a m o rp h o u s  s i l i c a .  B ased  
o n  t h e s e  r e s u l t s ,  g i b b s i t e  m i g h t  b e  e x p e c t e d  t o  o c c u r  a s  a  s t a b l e  com­
p o n e n t  i n  t h e  h o r i z o n  a t  2 0 - 4 3  cm i n  t h e  A c a d ia  s o i l  a n d  i n  t h e  t h r e e  
h o r i z o n s  b e tw e e n  18 an d  69 cm i n  t h e  B e a u r e g a r d  s o i l .  I n  t h e  r e m a in i n g  
s o i l  h o r i z o n s  i t  w ou ld  b e  p r e s e n t  a s  a n  u n s t a b l e  c o m p o n e n t  o r  a b s e n t  
e n t i r e l y .  I n  t h e s e  h o r i z o n s ,  s i l i c a  a n d  A l r e l e a s e d  t o  s o l u t i o n  by  
w e a t h e r i n g  m i g h t  be e x p e c t e d  t o  com bine  t o  fo rm  k a o l i n i t e .  I f  t h e  
m i n e r a l s  b e i n g  w e a t h e r e d  a r e  l a r g e l y  a l u m i n o s i l i c a t e s  t h e n  t h e  f o r m a t i o n  
o f  k a o l i n i t e  c o u l d  f e a s i b l y  r e s u l t  i n  m a i n t a i n i n g  a  c o n d i t i o n  o f  u n d e r ­
s a t u r a t i o n  w i t h  r e s p e c t  t o  q u a r t z  an d  am o rp h o u s  s i l i c a .
The p o t a s s i u m - b e a r i n g  m ic a s  an d  f e l d s p a r s  a r e  i m p o r t a n t  m i n e r a l s  i n  
m o s t  s o i l s .  When K20 i s  a d d e d  t o  t h e  A l 2 0 3 - S i 0 2 -H2 0  s y s t e m ,  t h e  r e ­
l a t i o n s h i p s  o f  t h e s e  m i n e r a l s  c a n  b e  shown b y  m eans o f  p h a s e  d i a g r a m s .  
The r e l a t i o n s h i p s  among k a o l i n i t e ,  g i b b s i t e ,  K -m ic a ,  K - f e l d s p a r ,  q u a r t z ,  
a n d  a m o rp h o u s  s i l i c a  a r e  show n i n  two d i m e n s i o n s  i n  F i g u r e  2 0 .  The 
r e a c t i o n s  u s e d  i n  c o n s t r u c t i n g  F i g u r e  20  t h a t  w e re  n o t  u s e d  i n  c o n ­
s t r u c t i n g  p r e v i o u s  p h a s e  d i a g r a m s  w e r e :
( 1 )  K - f e l d s p a r  -  K - m ic a  r e a c t i o n .
3 K A lS i3 Os  +  2H+  +  12 H2 0  ** KAl3 S i 3 O1 0 C0H)2 + 6  H4 S i0 4  +  2K+
(2 )  K - f e l d s p a r  -  K a o l i n i t e  r e a c t i o n .
2 K A lS i3 08  +  2H+  +  9 H2 0 = A l 2 S i 2 05 (0H ) 4  +  4  H4 S i 0 4  +  2K+
(3 )  K -m ic a  -  K a o l i n i t e  r e a c t i o n .
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F i g u r e  2 0 .  S t a b i l i t y  f i e l d s  f o r  g i b b s i t e ,  k a o l i n i t e ,  K -m ic a ,  K - f e l d s p a r s ,  q u a r t z ,  
an d  am orphous  s i l i c a  i n  t e r m s  o f  pH-pK and p S i  show ing  d a t a  p o i n t s  f o r  
mean v a l u e s  f ro m  s o i l s  i n  t h r e e  s o i l  m i n e r a l o g y  g r o u p s .
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(4 )  K -m ic a  -  G i b b s i t e  r e a c t i o n .
2KAl3 S i 3 0 1 0 (OH)2 + 18 H2 0  +  2H+  = 3 A 1(0H )3 +  2K+  +  6 H4 S i 0 4  
P l o t t i n g  t h e  d a t a  f ro m  t h e  h o r i z o n s  o f  a l l  t h e  s o i l s  g a v e  r e s u l t s  
c o n s i s t e n t  w i t h  t h o s e  d e s c r i b e d  i n  t h e  d i s c u s s i o n  o f  F i g u r e  19 . None 
o f  t h e  s o i l  h o r i z o n s  w e r e  s a t u r a t e d  w i t h  r e s p e c t  t o  e i t h e r  K -m ic a  o r  
K - f e l d s p a r .  T h e r e  w e r e  c e r t a i n  a p p a r e n t  t r e n d s  w i t h  r e g a r d  t o  w h e re  t h e  
d a t a  f o r  h o r i z o n s  w i t h i n  a  s o i l  p l o t t e d  on  F i g u r e s  19 a n d  2 0 .  The 
g e n e r a l  n a t u r e  o f  t h e s e  t r e n d s  i s  i l l u s t r a t e d  b y  t h e  M y a t t  s o i l  i n  
F i g u r e  1 9 .  T he  l e a s t  w e a t h e r e d  h o r i z o n s ,  a s  i n d i c a t e d  b y  h i g h e s t  s o i l  
pH a n d  b a s e  s t a t u s ,  t e n d e d  t o  p l o t  n e a r e s t  t h e  b o u n d a r i e s  i n d i c a t i n g  
s a t u r a t i o n  w i t h  r e s p e c t  t o  K -m ic a  a n d  K - f e l d s p a r  a n d / o r  t h e  b o u n d a ry  
i n d i c a t i n g  s a t u r a t i o n  w i t h  r e s p e c t  t o  q u a r t z .  T h i s  i n d i c a t e d  a  h i g h e r  
K/H r a t i o  i n  s o l u t i o n  i n  t h o s e  h o r i z o n s  p l o t t i n g  n e a r e s t  t h e  K - f e l d s p a r  
a n d  K -m ic a  b o u n d a r i e s ,  a n d  a  l a r g e r  q u a n t i t y  o f  s i l i c a  i n  s o l u t i o n  i n  
t h o s e  p l o t t i n g  n e a r e s t  t h e  q u a r t z - s a t u r a t i o n  b o u n d a r y .  T h e s e  t r e n d s  
w e r e  c o n s i s t e n t  i n  t h e  A c a d i a ,  A l l i g a t o r ,  B e a u r e g a r d ,  C addo , C a lh o u n ,  
C ro w le y ,  M o r e l a n d ,  M y a t t ,  O l i v i e r ,  a n d  S to u g h  s o i l s .  I n  t h e  D undee , 
S h a r k e y ,  H e b e r t ,  a n d  L o r i n g  s o i l s  t h i s  g e n e r a l  t r e n d  w as  a p p a r e n t  i n  
t h a t  h o r i z o n s  n e a r  t h e  s u r f a c e  a n d  t h o s e  d e e p  i n  t h e  p r o f i l e  g e n e r a l l y  
p l o t t e d  n e a r e r  t o  t h e  K -m ic a  a n d  K - f e l d s p a r  a n d / o r  t h e  q u a r t z  s a t u r a t i o n  
b o u n d a r y  t h a n  h o r i z o n s  f ro m  t h e  m i d d l e  s e g m e n t  o f  t h e  p r o f i l e .  T h e s e  
r e s u l t s  i n d i c a t e  a  t e n d e n c y  f o r  u p p e r  s o i l  h o r i z o n s  t o  g i v e  c o n c e n t r a ­
t i o n s  o f  i o n s  i n  e q u i l i b r a t e d  s o l u t i o n s  s i m i l a r  t o  d e e p e r  a n d ,  p r e s u m a b l y ,  
l e s s  w e a t h e r e d  h o r i z o n s .  S o i l  a m endm en ts  c o u l d  b e  e x p e c t e d  t o  i n f l u e n c e  
t h e  r e s u l t s  i n  s o i l s  u s e d  f o r  a g r i c u l t u r a l  p r o d u c t i o n .  H o w ev er ,  t h e  
t r e n d  was n o t  r e s t r i c t e d  t o  a g r i c u l t u r a l  s o i l s .  The d e s c r i b e d  t r e n d s  
w i t h  r e g a r d  t o  t h e  K/H r a t i o  i n  u p p e r  h o r i z o n s  may r e s u l t  f ro m  a  h i g h e r
b a s e  s t a t u s  t h a t  c a n  r e s u l t  f ro m  r e c y c l i n g  o f  n u t r i e n t s  by  p l a n t s .
T h i s  e x p l a n a t i o n  w ould  b e  c o n s i s t e n t  w i t h  t h e  d i s t r i b u t i o n  o f  b a s e s  
o b t a i n e d  f o r  many o f  t h e  s o i l s  i n  t h i s  s t u d y .  P e r h a p s  P h y t o l i t h s  ( p l a n t  
o p a l )  p r o v i d e  a  s o u r c e  o f  s i l i c a  i n  s u r f a c e  h o r i z o n s  t h a t  i s  m ore  
s o l u b l e  t h a n  s i l i c a t e s  i n  t h e  m i d d l e  s e g m e n ts  o f  t h e  p r o f i l e s .
The mean i o n  c o n c e n t r a t i o n s  w e re  c a l c u l a t e d  f o r  a l l  t h e  s o i l s  and  
f o r  t h e  s o i l s  i n  e a c h  s o i l  c l a y  m i n e r a l  g r o u p .  The r e s u l t s  a r e  p l o t t e d  
on  F i g u r e  2 0 .  The s o i l s  i n  t h e  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  g r o u p  
p l o t t e d  n e a r e r  t h e  q u a r t z  s a t u r a t i o n  b o u n d a ry  and  n e a r e r  t h e  K -m ic a  and 
K - f e l d s p a r  s a t u r a t i o n  b o u n d a ry  t h a n  s o i l s  i n  t h e  k a o l i n i t i c  a n d  m ix ed  
m i n e r a l  g r o u p s .  The s o i l s  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g ro u p  p l o t t e d  
c l o s e s t  t o  t h e  g i b b s i t e  s t a b i l i t y  f i e l d  a n d  f a r t h e s t  f ro m  t h e  b o u n d a r i e s  
i n d i c a t i n g  K - m ic a ,  K - f e l d s p a r ,  and  q u a r t z  s t a b i l i t i e s .  The s o i l s  i n  t h e  
m ix ed  m i n e r a l o g y  g ro u p  an d  t h e  mean v a l u e s  f o r  a l l  t h e  s o i l s  p l o t t e d  a t  
e s s e n t i a l l y  i d e n t i c a l  i n t e r m e d i a t e  p o s i t i o n s .  T h e s e  r e s u l t s  a r e  c o n ­
s i s t e n t  w i t h  o t h e r  r e s u l t s  o b t a i n e d  i n  t h e  s t u d y .  They  a r e  a l s o  c o n ­
s i s t e n t  w i t h  w h a t  m ig h t  b e  e x p e c t e d  b a s e d  on t h e  c l a y  m i n e r a l o g y  g r o u p s .  
I n  m o s t  c a s e s  t h e  s o i l s  i n  t h e  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  g ro u p  w ere  
t h e  l e a s t  w e a t h e r e d ,  h a d  t h e  h i g h e s t  pH v a l u e s ,  h a d  h i g h  b a s e  s a t u ­
r a t i o n s ,  an d  w e r e  d o m in a te d  by  c l a y  m i n e r a l s  w i t h  a  2 / 1  S i / A l  r a t i o .  On 
t h e  o t h e r  e x t r e m e ,  s o i l s  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g ro u p  w e r e  t h e  
m o s t  w e a t h e r e d ,  h a d  t h e  l o w e s t  pH v a l u e s ,  h a d  low b a s e  s a t u r a t i o n s ,  and  
w e re  d o m in a te d  by  c l a y  m i n e r a l s  w i t h  a  1 /1  S i / A l  r a t i o .  Many o f  t h e  
s o i l s  w e re  c l a s s i f i e d  i n  t h e  m ix e d  m i n e r a l o g y  g ro u p  b e c a u s e  o f  t h e  
r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  s o i l - f o r m e d  v e r m i c u l i t e  a n d / o r  c h l o r i t e .  
T h e s e  c o m p o n e n ts  c a n  r e s u l t  f rom  h y d r o x y - A l  i n t e r l a y e r i n g  i n  p r e ­
e x i s t i n g  e x p a n d i n g - l a t t i c e  o r  m ic a c e o u s  c l a y s .  T h u s ,  t h e y  o c c u p y  a
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p o s i t i o n  i n t e r m e d i a t e  i n  w e a t h e r i n g  b e tw e e n  t h e  m o n t m o r i l l o n i t i c  a n d  
k a o l i n i t i c  c l a y  m i n e r a l  g r o u p s .  T h i s  i s  r e f l e c t e d  i n  t h e  i n t e r m e d i a t e  
p o s i t i o n  a t  w h i c h  t h e y  p l o t  o n  t h e  p h a s e  d i a g r a m s  ( F i g u r e  2 0 ) .
T y p i c a l l y ,  s o i l s  a r e  c o m p r i s e d  o f  a  l a r g e  n u m b er  o f  m i n e r a l s  a n d  
com pounds t h a t  w e r e  n o t  c o n s i d e r e d  i n  t h i s  s t u d y .  T h e s e  n e e d  t o  b e  
c o n s i d e r e d  i n  c h a r a c t e r i z i n g  t h e  t o t a l  s o i l  e n v i r o n m e n t .  F o r  e x a m p le ,  
p h a s e  d i a g r a m s  s h o w in g  e x p a n d i n g - l a t t i c e  m i n e r a l  s t a b i l i t y  r e l a t i o n s h i p s  
c a n  b e  c o n s t r u c t e d  b y  t h e  m e th o d s  d e s c r i b e d  i n  t h i s  s e c t i o n  f o r  o t h e r  
m i n e r a l s .  D ia g ra m s  f o r  t h e s e  m i n e r a l s  w e r e  n o t  i n c l u d e d  i n  t h i s  s t u d y .  
P r e l i m i n a r y  i n v e s t i g a t i o n  o f  N a - m o n t m o r i l l o n i t e  s t a b i l i t y  r e l a t i o n s h i p s  
a p p e a r e d  t o  g i v e  i n c o n s i s t e n t  r e s u l t s  a n d  i n d i c a t e d  a  n e e d  t o  a l s o  
e v a l u a t e  r e l a t i o n s h i p s  b e t w e e n  Na, C a , Mg, a n d  K - m o n t m o r i l l o n i t e  b e f o r e  
c o m p r e h e n s i v e  i n t e r p r e t a t i o n s  c o u l d  b e  m a d e .  The r e s u l t s  o f  t h i s  s t u d y  
s u g g e s t  t h a t  k a o l i n i t e  s o l u b i l i t y  may c o n t r o l  t h e  c o n c e n t r a t i o n s  o f  S i  
a n d  A l i n  a l l  b u t  f o u r  o f  t h e  e q u i l i b r a t e d  s o i l - w a t e r  s u s p e n s i o n s .  I n  
t h e s e  f o u r  h o r i z o n s ,  g i b b s i t e  a p p e a r e d  t o  c o n t r o l  t h e  c o n c e n t r a t i o n s  o f  
A l .  The c o n c e n t r a t i o n s  o f  S i  a n d  A l i n  s o l u t i o n  may h a v e  a  w id e  r a n g e  
a s  i n d i c a t e d  b y  pA l v a l u e s  o f  4 . 3  -  5 . 4  a n d  p S i  v a l u e s  o f  3 . 9  -  5 . 2  
o b t a i n e d  i n  t h i s  s t u d y .
SUMMARY AND CONCLUSIONS
The m i n e r a l  s o i l s  i n  L o u i s i a n a  r a n g e  i n  c h a r a c t e r i s t i c s  f rom  
r e l a t i v e l y  u n w e a t h e r e d ,  a l k a l i n e  E n t i s o l s ,  I n c e p t i s o l s ,  and  M o l l i s o l s  
d e v e lo p e d  i n  r e c e n t  a l l u v i u m  t o  h i g h l y  w e a t h e r e d ,  a c i d  A l f i s o l s  and  
U l t i s o l s  d e v e lo p e d  I n  o l d  C o a s t a l  P l a i n  d e p o s i t s .  An e s t i m a t e d  o n e -  
t h i r d  o r  m ore  o f  t h e  s t a t e  i s  c o m p r i s e d  o f  s o i l s  t h a t  t y p i c a l l y  h a v e  
pH v a l u e s  b e lo w  5 .5  w i t h i n  t h e  r o o t i n g  d e p t h s  o f  m o s t  a g ro n o m ic  c r o p s ,  
and  r e s e a r c h  w i t h  s o i l s  s u c h  a s  t h e s e  h a s  shown Al t o  b e  a  m a jo r  f a c t o r  
i n  s o i l  a c i d i t y .  S e v e r a l  r e s e a r c h e r s  h a v e  e s t a b l i s h e d  t h a t  t h e  A l -  
s t a t u s  o f  s o i l s  may d e p e n d  o n  a  num ber  o f  f a c t o r s ;  among t h e s e  a r e  s o i l  
pH, s o i l  m in e r a l o g y ,  a n d  t h e  k i n d s  a n d  a m o u n ts  o f  e x c h a n g e a b l e  c a t i o n s  
and o r g a n i c  m a t t e r  p r e s e n t .
T h i s  s tu d y  was d e s i g n e d  t o  p r o v i d e  a n  i n i t i a l  s u r v e y  o f  t h e  A l -  
s t a t u s  o f  s o i l s  i n  t h e  m a j o r  m i n e r a l  s o i l  a r e a s  i n  L o u i s i a n a .  T w en ty  
s o i l s  w i t h  e s t a b l i s h e d  o r  p o t e n t i a l  a g r i c u l t u r a l  i m p o r t a n c e  w e re  
s e l e c t e d  t o  a p p r o x i m a t e  t h e  e x p e c t e d  r a n g e  i n  t h e  q u a n t i t i e s  o f  A l and  
s o i l  a c i d i t y  t h a t  m i g h t  b e  o b t a i n e d  b y  t h e  d i f f e r e n t  a n a l y t i c a l  m e th o d s  
e m p lo y e d .  C o n s e q u e n t l y ,  s o i l s  w e re  i n c l u d e d  i n  w h ic h  s m a l l  o r  e v e n  
u n m e a s u r a b le  q u a n t i t i e s  o f  Al a n d / o r  a c i d i t y  w e re  o b t a i n e d  i n  some 
a n a l y s e s .  The i n d i v i d u a l  h o r i z o n s  o f  e a c h  s o i l  w e r e  sa m p le d  t o  a  d e p t h  
o f  a t  l e a s t  100 cm. B u lk  sa m p le s  w e r e  c o l l e c t e d  f ro m  e a c h  h o r i z o n  f o r  
l a b o r a t o r y  a n a l y s e s .  I n  a d d i t i o n ,  s a m p le s  f rom  e a c h  h o r i z o n  w e re  p l a c e d  
i n  d i s t i l l e d  w a t e r  t o  a p p r o x i m a t e  a  1 : 1 0  s o i l : w a t e r  s u s p e n s i o n  f o r  
s o l u t i o n  e q u i l i b r i a  s t u d i e s .  They  w e r e  a l l o w e d  t o  e q u i l i b r a t e  f o r  
a p p r o x i m a t e l y  one  y e a r  a n d  t h e n  a n a l y z e d  f o r  pH a n d  s o l u t i o n  c o n c e n ­
t r a t i o n s  o f  A l ,  S i ,  C a , Mg, K, an d  N a. The b u l k  s a m p le s  w e re  a i r  d r i e d
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and  g ro u n d  t o  l e s s  t h a n  2 mm s i z e .  T h e s e  sa m p le s  w e re  t h e n  a n a ly z e d  
t o  d e t e r m i n e  p l ^ ,  pH^a , P ^ j  c l a y  an d  o r g a n i c  m a t t e r  c o n t e n t ,  and 
d i s t r i b u t i o n  o f  e x c h a n g e a b le  b a s e s .  A num ber o f  a n a l y s e s  w ere  c a r r i e d  
o u t  to  e v a l u a t e  CEC, e x c h a n g e a b le  an d  e x t r a c t a b l e  Al a n d  a c i d i t y ,  an d  
d i f f e r e n t  fo rm s  o f  Al m e a s u re d  by  v a r i o u s  t e c h n i q u e s .  The CEC was d e t e r ­
m ined  by  t h r e e  m e th o d s .  They w e re ;  (1 )  d i s t i l l a t i o n  o f  a d s o rb e d  
ammonia (NH^OAc CEC), (2 )  sum m ation  o f  e x c h a n g e a b le  b a s e s  and  a c i d i t y  
e x t r a c t e d  w i t h  BaC l2 “TEA a t  pH 8 .0  (B a C ^ -T E A  CEC), a n d  (3 )  sum m ation  o f
e x c h a n g e a b le  b a s e s  and  e x c h a n g e a b le  a c i d i t y  m ea su red  i n  N KCl s o i l  
l e a c h a t e  (KCl CEC). S o i l  a c i d i t y  was d e te r m in e d  (1 )  i n  N KCl l e a c h a t e  
( e x c h a n g e a b l e ) ,  (2 )  by  e x t r a c t i o n  w i t h  B aC l2 ”TEA a t  pH 8 . 0  (B aC ^-T E A  
a c i d i t y ) ,  an d  (3 )  by  d i f f e r e n c e  b e tw e e n  Nl^OAc CEC an d  e x c h a n g e a b le  b a s e s  
(NH^OAc a c i d i t y ) .  The a n a l y s e s  f o r  Al i n c l u d e d  (1 )  e x c h a n g e a b le  A l 
(ExAl) e x t r a c t e d  by  N KCl s o l u t i o n ,  (2 )  A l e x t r a c t e d  by  N NH/^OAc 
s o l u t i o n  b u f f e r e d  a t  pH 4 . 8  ( E x tA l ) ,  (3 )  A l e x t r a c t e d  b y  s e q u e n t i a l  
e x t r a c t i o n s  w i t h  0 . 2  N NH^Cl s o l u t i o n  b u f f e r e d  a t  pH 4 . 0 ,  (4 )  non ­
e x c h a n g e a b le  A l d e t e r m i n e d  by  d i f f e r e n c e  b e tw e e n  e x c h a n g e a b le  and 
e x t r a c t a b l e  A l ,  an d  (5 )  Al i n  e q u i l i b r a t e d  s o i l - w a t e r  s u s p e n s i o n s .  
S t a t i s t i c a l  a n a l y s e s  w e re  c o n d u c te d  on  a l l  t h e  s o i l s  a s  a  g ro u p  a n d  on  
t h r e e  s u b g ro u p s  o f  s o i l s .  The t h r e e  s u b g r o u p s  w ere  b a s e d  on t h e  
d o m in a n t  m i n e r a l o g y  o f  t h e  c l a y - s i z e  f r a c t i o n .  They w e re  a  mixed 
m in e r a lo g y  g ro u p  i n  w h ic h  no one c l a y  m i n e r a l  was p r e d o m i n a n t ,  a 
k a o l i n i t i c ,  an d  a  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l  g r o u p .
The data indicated that the soils, and horizons within a soil, 
varied greatly in general chemical and physical characteristics, as 
well as some properties which other researchers have shown to be
s
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r e l a t e d  t o  s o i l  a c i d i t y  a n d  t o  t h e  A l - s t a t u s  o f  s o i l s .  S p e c i f i c a l l y ,  
t h e  s o i l s  r a n g e d  i n  c l a y  c o n t e n t  f ro m  5 . 3  t o  8 7 .5 7 . ,  i n  o r g a n i c  c a r b o n  
c o n t e n t  f ro m  0 . 0  t o  3 .57 .,  i n  b a s e  s a t u r a t i o n  f ro m  0 . 0  t o  1 0 0 +7. ,  an d  i n  
CEC fro m  2 . 1  t o  4 8 . 3  m e q /1 0 0  g o f  s o i l .  T h e s e  r a n g e s  a n d  t h e i r  m ea n s ,  
a s  w e l l  a s  t h e  r a n g e s  an d  m eans o f  o t h e r  c o m p o n e n ts  v a r i e d  w i t h  c l a y  
m i n e r a l o g y .  F o r  i n s t a n c e ,  t h e  r a n g e s  i n  s o i l  pHw w e re  4 . 7 - 8 . 6  (mean 
o f  5 . 7 )  i n  t h e  m o n t m o r i l l o n i t i c  g r o u p ,  4 . 6 - 6 . 6  (mean o f  5 . 2 )  i n  t h e  
m ix ed  g r o u p ,  and  4 . 6 - 6 . 1  (mean o f  5 . 0 )  i n  t h e  k a o l i n i t i c  g r o u p .
The r a n g e  i n  e x c h a n g e a b le  a c i d i t y  was f ro m  0 . 0  t o  1 6 .7  m eq /1 0 0  g 
o f  s o i l .  M ost o f  t h e  s o i l s  w i t h  m e a s u r a b l e  a m o u n ts  o f  e x c h a n g e a b l e  
a c i d i t y  h a d  b e tw e e n  0 . 5  an d  6 . 0  m eq /1 0 0  g .  The Commerce, J e a n e r e t t e ,  
M o re la n d ,  S e v e r n ,  a n d  S h a r k e y  s o i l s  d i d  n o t  c o n t a i n  m e a s u r a b l e  am oun ts  
o f  ExAl a n d  h a d  l e s s  t h a n  0 . 3  meq o f  e x c h a n g e a b l e  a c i d i t y  p e r  100 g .
No ExAl w as  m e a s u re d  i n  h o r i z o n s  h a v i n g  pHw v a l u e s  g r e a t e r  t h a n  6 . 0 ,  
an d  a l l  h o r i z o n s  w i t h  pHw v a l u e s  l e s s  t h a n  5 . 5  c o n t a i n e d  m e a s u r a b l e  
q u a n t i t i e s  o f  E xA l.  I n  h o r i z o n s  h a v i n g  pHw v a l u e s  f ro m  5 . 5  t o  6 . 0  
t h e r e  w e re  a p p r o x i m a t e l y  e q u a l  n u m b ers  w i t h  a n d  w i t h o u t  m e a s u r a b l e  
am oun ts  o f  E xA l.  W i t h i n  a  s o i l ,  t h e  g r e a t e s t  a m o u n ts  o f  e x c h a n g e a b le  
a c i d i t y  a n d  ExAl w e re  i n  h o r i z o n s  w i t h  h i g h  c l a y - l o w  pH c o m b i n a t i o n s  
(B t  h o r i z o n s ) .  T y p i c a l l y ,  e x c h a n g e a b l e  a c i d i t y ,  E xA l, a n d  t h e  
e x c h a n g e a b le  A1:H r a t i o  w e re  l e a s t  i n  t h e  s u r f a c e  h o r i z o n s  an d  i n ­
c r e a s e d  w i t h  d e p t h  i n t o  t h e  u p p e r  B h o r i z o n s .  The g r e a t e s t  q u a n t i t y  
o f  e x c h a n g e a b l e  H m e a s u r e d  was 1 . 0  m eq /1 0 0  g  o f  s o i l  i n  B h o r i z o n s  
o f  t h e  B e a u r e g a r d  a n d  B o s w e l l  s o i l s .  W ith  b u t  one  e x c e p t i o n ,  t h e  
q u a n t i t i e s  o f  e x c h a n g e a b l e  H w e r e  a s  g r e a t  o r  g r e a t e r  t h a n  ExAl i n  
h o r i z o n s  w i t h  l e s s  t h a n  0 .5  m eq /1 0 0  g o f  e x c h a n g e a b l e  a c i d i t y .  Ex­
c h a n g e a b l e  Al w as g r e a t e r  t h a n  e x c h a n g e a b le  H i n  a l l  b u t  o n e  h o r i z o n
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w i t h  m ore  t h a n  0 . 5  meq o f  e x c h a n g e a b l e  a c i d i t y  p e r  100 g o f  s o i l .  The 
a v e r a g e  c o n t e n t  o f  ExAl w as g r e a t e s t  i n  t h e  s o i l s  w i t h  m ix ed  c l a y  
m i n e r a l o g y  ( 3 . 4  m eq /1 0 0  g o f  s o i l ) ,  i n t e r m e d i a t e  i n  s o i l s  w i t h  k a o l i ­
n i t i c  c l a y  m i n e r a l o g y  ( 2 . 1  meq / 1 0 0  g  o f  s o i l ) ,  a n d  l e a s t  i n  s o i l s  w i t h  
m o n t m o r i l l o n i t i c  c l a y  m i n e r a l o g y  ( 0 . 3  m eq /1 0 0  g o f  s o i l ) .
E x c h a n g e a b le  Al h a d  a  h i g h l y  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  w i t h  
pHw i n  a l l  s o i l s  an d  i n  t h e  s o i l s  w i t h i n  e a c h  o f  t h e  m i n e r a l o g y  g r o u p s .  
S o i l s  i n  t h e  m ix e d  m i n e r a l o g y  g r o u p  h a d  a  s i g n i f i c a n t  p o s i t i v e  c o r r e ­
l a t i o n  b e tw e e n  ExAl a n d  c l a y  c o n t e n t ,  w h i l e  s o i l s  i n  t h e  m o n t r a o r i l -  
l o n i t i c  a n d  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p s  d i d  n o t  h a v e  a  s i g n i f i c a n t  
r e l a t i o n s h i p  b e tw e e n  t h e s e  two v a r i a b l e s .  E x c h a n g e a b le  A l was n o t  
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  o r g a n i c  c a r b o n .
E x p r e s s i n g  ExAl a s  p e r c e n t  s a t u r a t i o n  o f  t h e  e f f e c t i v e  CEC 
d e m o n s t r a t e d  t h a t  a l l  h o r i z o n s  w i t h  pHw g r e a t e r  t h a n  5 . 5  h a d  l e s s  t h a n  
10% Al s a t u r a t i o n .  A l l  b u t  tw o h o r i z o n s  w i t h  pHw v a l u e s  o f  l e s s  t h a n  5 . 1  
w e re  m ore  t h a n  407. s a t u r a t e d  w i t h  A l .  The f o u r  s o i l s  f ro m  t h e  F la tw o o d s  
s o i l  a r e a  ( B e a u r e g a r d ,  C addo , M y a t t ,  a n d  S to u g h )  h a d  m ore  t h a n  50% Al 
s a t u r a t i o n  t h r o u g h o u t  t h e  u p p e r  1 0 0  cm o f  t h e i r  p r o f i l e s ,  e x c e p t  f o r  
t h e  s u r f a c e  h o r i z o n  o f  t h e  B e a u r e g a r d  w h ic h  d i d  n o t  c o n t a i n  m e a s u r a b l e  
q u a n t i t i e s  o f  E xA l.  The s o i l s  w i t h  p r e d o m i n a n t l y  m o n t m o r i l l o n i t i c  c l a y  
m i n e r a l s  h a d  t h e  l o w e s t  a v e r a g e  A l s a t u r a t i o n  (3% ), w h i l e  s o i l s  i n  t h e  
m ix ed  m i n e r a l  g ro u p  a v e r a g e d  27%, a n d  t h o s e  i n  t h e  k a o l i n i t i c  c l a y  
m i n e r a l  g ro u p  a v e r a g e d  50%.
The Al s a t u r a t i o n  o f  t h e  s o i l s  e x h i b i t e d  b a s i c a l l y  t h r e e  p r o f i l e  
t r e n d s .  The M y a t t  an d  S to u g h  s o i l s  h a d  h i g h ,  n e a r l y  u n i f o r m  A l s a t u ­
r a t i o n s  t h r o u g h o u t  t h e i r  p r o f i l e s .  The C addo , C a lh o u n ,  an d  H e b e r t  s o i l s
e x h i b i t e d  maximum Al s a t u r a t i o n s  i n  t h e  A2 h o r i z o n ,  w i t h  s a t u r a t i o n  
d e c r e a s i n g  w i t h  d i s t a n c e  f rom  t h e  A2. The r e m a in i n g  s o i l s  h a d  
maximum Al s a t u r a t i o n  w i t h i n  t h e  B t  h o r i z o n s  w i t h  d e c r e a s i n g  s a t u ­
r a t i o n  i n  h o r i z o n s  a b o v e  a n d  b e lo w  t h e  B t .
On t h e  b a s i s  o f  t o x i c i t y  g u i d e l i n e s  s u g g e s t e d  b y  o t h e r  i n v e s t i ­
g a t o r s ,  t h e  2 0  s o i l s  i n c l u d e d  i n  t h i s  s t u d y  w e re  t e n t a t i v e l y  g ro u p e d  
i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :
(1 )  S o i l s  w h ic h  c o n t a i n e d  no m e a s u r a b l e  q u a n t i t i e s  o f  ExAl and  
t h e r e f o r e  w ou ld  n o t  r e s u l t  i n  t o x i c i t y  p ro b le m s  e v e n  w i t h  
s u s c e p t i b l e  c r o p s  su ch  a s  g r a i n  sorghum  o r  r y e .  The 
Commerce, J e a n e r e t t e ,  M o re la n d ,  S e v e r n ,  and  S h a rk e y  s o i l s  
w e re  i n  t h i s  g r o u p .
(2) S o i l s  w i t h  s u f f i c i e n t  am ounts  o f  ExAl w i t h i n  t h e  r o o t i n g  
d e p th  o f  m o s t  p l a n t s  t o  p o s s i b l y  b e  t o x i c  t o  r e l a t i v e l y  
n o n r e s i s t a n t  c r o p s  such  a s  c o t t o n  and  a l f a l f a .  The A l l i ­
g a t o r ,  C ro w ley ,  L o r i n g ,  an d  Mowata s o i l s  c o m p r i s e d  t h i s  
g r o u p .  T h e se  s o i l s  h a d  l e s s  t h a n  1 .5  meq o f  ExAl p e r  100 g 
o f  s o i l  and  l e s s  t h a n  10% Al s a t u r a t i o n .
(3 )  S o i l s  w h ich  c o n t a i n e d  s u f f i c i e n t  ExAl w i t h i n  p l a n t  r o o t i n g  
d e p t h  t o  be  t o x i c  t o  m o d e r a t e l y  r e s i s t a n t  c r o p s  s u c h  a s  
s o y b e a n s .  The A c a d ia ,  D undee , O l i v i e r ,  and  R u s to n  s o i l s  
c o m p r is e d  t h i s  g r o u p .  T h e s e  s o i l s  h a d  up t o  2 . 4  meq o f  
ExAl p e r  100 g o f  s o i l  an d  b e tw e e n  10 an d  30% Al s a t u r a t i o n .
(4) S o i l s  w i t h  a d e q u a t e  q u a n t i t i e s  o f  ExAl w i t h i n  n o rm a l  p l a n t  
r o o t i n g  d e p t h s  t o  b e  t o x i c  t o  h i g h l y  r e s i s t a n t  c r o p s  su ch  
a s  c o r n .  I n c l u d e d  i n  t h i s  g ro u p  w e re  t h e  B e a u r e g a r d ,
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Boswell, Caddo, Calhoun, Hebert, Myatt, and Stough soils.
T h e s e  s o i l s  w e r e  a t  l e a s t  50% s a t u r a t e d  w i t h  Al a n d ,  e x c e p t  
f o r  one  s o i l ,  c o n t a i n e d  m ore  t h a n  3 .5  meq o f  ExAl p e r  100 g 
w i t h i n  t h e  r o o t i n g  z o n e  o f  m o s t  a g ro n o m ic  c r o p s .
The s o i l s  r a n g e d  i n  E x tA l  f ro m  0 . 4  t o  1 4 .1  m e q /1 0 0  g  o f  s o i l .  
G e n e r a l l y ,  s o i l s  w i t h  pHw v a l u e s  o f  l e s s  t h a n  5 . 5  h a d  t h e  m o s t  E x tA l .
The am oun ts  o f  E x tA l  w e re  t y p i c a l l y  g r e a t e r  t h a n  ExAl an d  e x c h a n g e a b le  
a c i d i t y ,  b u t  l e s s  t h a n  e x t r a c t a b l e  a c i d i t y  i n  a l l  e x c e p t  t h e  B o s w e l l  
s o i l .  The Commerce, M o r e l a n d ,  S e v e r n ,  a n d  S h a r k e y  s o i l s  d e v e lo p e d  i n  
r e c e n t  a l l u v i u m  h a d  no  m ore  t h a n  1 . 0  meq o f  E x tA l  p e r  100 g o f  s o i l  
t h r o u g h o u t .  T he  C a lh o u n  and  M y a t t  s o i l s  b o t h  h a d  minimum q u a n t i t i e s  o f  
E x tA l  i n  t h e  u p p e r  B t  h o r i z o n s  w i t h  l a r g e r  q u a n t i t i e s  i n  h o r i z o n s  h i g h e r  
a n d  lo w e r  i n  t h e  s o lu m . The r e m a i n i n g  s o i l s  h a d  maximum q u a n t i t i e s  o f  
E x tA l  i n  t h e  u p p e r  B t h o r i z o n s  w i t h  d e c r e a s i n g  a m o u n ts  i n  h o r i z o n s  h i g h e r  
a n d  lo w e r  i n  t h e  p r o f i l e .  I n  g e n e r a l ,  t h e  r e s u l t s  i n d i c a t e d  t h a t  b o t h  
E x tA l  a n d  ExAl w e r e  g r e a t e s t  i n  t h e  m ore  a c i d  s o i l s  o f  t h e  m ix e d  and  
k a o l i n i t i c  c l a y  m i n e r a l o g y  g r o u p s .  The E x tA l  c o n t e n t  was somewhat 
g r e a t e r  t h a n  ExAl i n  m o s t  o f  t h e  s o i l s  s t u d i e d .  H ow ever ,  some h o r i z o n s  
o f  t h e  m ore  a c i d  s o i l s  ( B o s w e l l ,  C addo , C a lh o u n ,  H e b e r t ,  a n d  S to u g h )  h a d  
g r e a t e r  q u a n t i t i e s  o f  ExAl t h a n  E x tA l .  A m e a s u r e  o f  n o n e x c h a n g e a b le  Al 
w as o b t a i n e d  b y  s u b t r a c t i n g  ExAl f ro m  E x t A l .  N o n e x c h a n g e a b le  A l was n o t  
s i g n i f i c a n t l y  c o r r e l a t e d  t o  pH o r  c l a y  c o n t e n t ,  b u t  was s i g n i f i c a n t l y  
c o r r e l a t e d  t o  o r g a n i c  c a r b o n .  E x t r a c t a b l e  Al h a d  a  s i g n i f i c a n t  n e g a t i v e  
c o r r e l a t i o n  w i t h  p l ^  i n  a l l  s o i l s  and  i n  t h e  s o i l s  w i t h i n  e a c h  o f  t h e  
m in e r a l o g y  g r o u p s .  E x t r a c t a b l e  A l a l s o  h a d  a  h i g h l y  s i g n i f i c a n t  p o s i t i v e
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c o r r e l a t i o n  w i t h  c l a y  c o n t e n t  i n  t h e  m ixed  m i n e r a l  g ro u p  a n d  w i t h  
o r g a n i c  c a r b o n  i n  t h e  k a o l i n i t i c  m i n e r a l  g r o u p .
The r a n g e  i n  e x t r a c t a b l e  a c i d i t y  was f ro m  1 .5  t o  2 3 . 0  m eq /100  g 
o f  s o i l  i n  a l l  b u t  t h e  c a l c a r e o u s  M o re la n d  a n d  S e v e rn  s o i l s .  N e g a t iv e  
e x t r a c t a b l e  a c i d i t y  v a l u e s  w e re  o b t a i n e d  f o r  a l l  h o r i z o n s  b e lo w  t h e  
s u r f a c e  i n  t h e  M o re la n d  an d  S e v e r n  s o i l s .  I n  t h e  o t h e r  s o i l s  s t u d i e d ,  
t h e  p r o f i l e  d i s t r i b u t i o n  t r e n d s  o f  e x t r a c t a b l e  a c i d i t y  w e r e  g e n e r a l l y  
s i m i l a r  t o  t r e n d s  o f  E x A l,  e x c h a n g e a b l e  a c i d i t y ,  an d  E x t A l .  The 
q u a n t i t i e s  o f  t h e s e  c o m p o n e n ts  g e n e r a l l y  d e c r e a s e d  i n  t h e  o r d e r  o f  
e x t r a c t a b l e  a c i d i t y  >  E x tA l  >  e x c h a n g e a b l e  a c i d i t y  >  E x A l.  The 
a m o u n ts  o f  e x t r a c t a b l e  a c i d i t y  i n  t h e  s o i l s  d i f f e r e d  i n  t h e  t h r e e  c l a y  
m i n e r a l o g y  g r o u p s . The s o i l s  i n  t h e  m ixed  c l a y  m i n e r a l  g r o u p  a v e r a g e d  
s l i g h t l y  m ore  e x t r a c t a b l e  a c i d i t y  ( 8 . 2  m eq / 1 0 0  g )  t h a n  s o i l s  i n  t h e  
k a o l i n i t i c  g r o u p  ( 7 . 1  m eq /1 0 0  g ) ,  w h ic h  i n  t u r n ,  w e re  s l i g h t l y  g r e a t e r  
t h a n  s o i l s  i n  t h e  m o n t m o r i l l o n i t i c  g ro u p  ( 6 .5  m eq /100  g ) .
I t  seem s r e a s o n a b l e ,  t h a t  i n  a  g e n e r a l  s o i l  w e a t h e r i n g  s e q u e n c e  o f  
m o n t m o r i l l o n i t i c  c l a y  m i n e r a l s ,  t o  m ix e d ,  t o  k a o l i n i t i c  c l a y  m i n e r a l s ,  
t h e  r e l e a s e  o f  o c t a h e d r a l l y  c o o r d i n a t e d  Al m ig h t  p r e c e d e  t h e  f o r m a t i o n  
o f  h y d r o x y - A l  com pounds w h ic h  c o l l e c t  i n  t h e  i n t e r l a y e r  p o s i t i o n  o f  
e x p a n d i n g - l a t t i c e  c l a y s  (C olem an  e t  a l . ,  1 9 6 0 ) .  T h i s  w o u ld  b e  f o l l o w e d  
by  t h e  r e l e a s e  o f  A l i o n s  o n t o  t h e  e x c h a n g e  c o m p le x  an d  i n t o  t h e  s o i l  
s o l u t i o n .  T h e r e f o r e ,  i n  c o m p a r in g  t h e  m i n e r a l o g y  g r o u p s ,  t h e  m ixed  
g r o u p  c o u ld  b e  e x p e c t e d  t o  h a v e  t h e  g r e a t e s t  q u a n t i t i e s  o f  e x c h a n g e a b le  
an d  e x t r a c t a b l e  Al a n d  a c i d i t y  b u t  h a v e  a n  i n t e r m e d i a t e  pH, CEC, and  
Al s a t u r a t i o n  a s  w as t h e  c a s e  i n  t h i s  s t u d y .
The CEC's of the soils generally fluctuated with clay content.
They a l s o  i n c r e a s e d  w i t h  a n  i n c r e a s e  i n  t h e  pH a t  w h ic h  t h e y  w e re  
d e t e r m i n e d .  The mean v a l u e s  f o r  CEC w e re  g r e a t e s t  i n  s o i l s  w i t h  p r e ­
d o m i n a n t l y  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l s  and  l e a s t  i n  s o i l s  w i t h  
p r e d o m i n a n t l y  k a o l i n i t i c  m i n e r a l s .  Compared t o  s o i l s  w i t h  p r e ­
d o m i n a n t l y  m o n t m o r i l l o n i t i c  o r  m ix e d  c l a y s ,  t h e  s o i l s  w i t h  l a r g e l y  
k a o l i n i t i c  c l a y  m i n e r a l s  g a v e  s m a l l e r  i n c r e a s e s  i n  CEC a s  t h e  pH o f  
t h e  e x t r a c t i n g  s o l u t i o n  i n c r e a s e d .  T h i s  was a n  a n t i c i p a t e d  r e s u l t  
s i n c e  t h e s e  s o i l s  h a v e  f e w e r  e x p a n d i n g - l a t t i c e  m i n e r a l s  an d  t h e r e f o r e  
a  lo w e r  p o t e n t i a l  f o r  p H - d e p e n d e n t  c h a r g e s  f ro m  i n t e r l a y e r  h y d r o x y - A l  
com pounds . The s o i l s  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g ro u p  ( B e a u r e g a r d ,  
C addo , M y a t t ,  R u s to n ,  a n d  S to u g h )  h a v e  few  e x p a n d i n g - l a t t i c e  m i n e r a l s  
and  i n t e r l a y e r  h y d r o x y - A l  com pounds .  T h e r e f o r e ,  i n  s o i l s  s u c h  a s  t h e s e ,  
o r g a n i c  c a r b o n  i s  a  m o re  i m p o r t a n t  s o u r c e  o f  e x t r a c t a b l e  a c i d i t y  o r  pH- 
d e p e n d e n t  c h a r g e .  The s t a t i s t i c a l  a n a l y s e s  i n d i c a t e d  t h a t  CEC was 
p o s i t i v e l y  a s s o c i a t e d  w i t h  pH,^ a n d  c l a y  c o n t e n t  i n  a l l  s o i l s ;  a n d  b o t h  
CEC a n d  e x t r a c t a b l e  a c i d i t y  w e re  s i g n i f i c a n t l y  r e l a t e d  t o  o r g a n i c  
c a r b o n  i n  t h e  k a o l i n i t i c  m i n e r a l  g r o u p .
N in e  s o i l s  w e re  s e l e c t e d  f o r  s e q u e n t i a l l y  e x t r a c t a b l e  Al s t u d i e s .  
The num ber  o f  e x t r a c t i o n s  r e q u i r e d  t o  rem ove  t h e  e x c h a n g e a b le  Al 
com ponen t  r a n g e d  f ro m  tw o t o  f o u r  a n d  h a d  a  c o n s i s t e n t  p a t t e r n  o f  
v a r i a t i o n  w i t h i n  a  s o i l .  T y p i c a l l y ,  t h e  r e q u i r e d  num bers  o f  e x t r a c t i o n s  
w e re  l e a s t  i n  s u r f a c e  h o r i z o n s  and  i n  lo w e r  B o r  C h o r i z o n s  a n d  g r e a t e s t  
i n  A2 a n d  u p p e r  o r  m id -B  h o r i z o n s .
The p r o f i l e  d i s t r i b u t i o n  p a t t e r n  o f  s e q u e n t i a l l y  e x t r a c t e d  A l 
g e n e r a l l y  c o i n c i d e d  w i t h  N KCl E x A l.  S m a l l  q u a n t i t i e s  w e re  m e a s u r e d
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i n  s u r f a c e  h o r i z o n s  an d  t h e  q u a n t i t i e s  i n c r e a s e d  w i t h  d e p t h  t o  m axim a 
i n  t h e  u p p e r  B h o r i z o n s .  I n  h o r i z o n s  b e lo w  t h e  m ax im a , t h e  q u a n t i t i e s  
o f  s e q u e n t i a l l y  e x t r a c t e d  A l d e c r e a s e d  w i t h  I n c r e a s i n g  d e p th  e x c e p t  i n  
t h e  M y a t t  s o i l  w h e re  t h e r e  was a  c o n t i n u o u s  i n c r e a s e  w i t h  d e p th  t h r o u g h ­
o u t  t h e  p r o f i l e .
The s o i l s  i n  t h e  m ix e d  m i n e r a l o g y  g r o u p  h a d  t h e  g r e a t e s t  q u a n t i t i e s  
o f  s e q u e n t i a l l y  e x t r a c t e d  A l ,  w h e r e a s  t h e  Dundee s o i l  i n  t h e  m o n t m o r i l ­
l o n i t i c  c l a y  m i n e r a l  g r o u p  h a d  t h e  s m a l l e s t  q u a n t i t i e s .  The E x tA l  
com ponen t w as  g r e a t e r  t h a n  ExA l, e x c h a n g e a b l e  a c i d i t y ,  and  s e q u e n t i a l l y  
e x t r a c t e d  A l  i n  t h e  s u r f a c e  h o r i z o n s  o f  t h o s e  s o i l s  w h e re  a l l  t h e s e  
co m p o n e n ts  w e r e  m e a s u r e d .  The v a l u e s  o b t a i n e d  f o r  s e q u e n t i a l l y  
e x t r a c t e d  A l and  t h e  p r o f i l e  t r e n d s  i n  t h e  d i f f e r e n t  s o i l s  i n d i c a t e d  
t h a t  t h i s  co m p o n en t  was d e p e n d e n t  o n  t h e  same f a c t o r s  a s  t h e  Al 
co m p o n e n ts  e x t r a c t e d  b y  t h e  o t h e r  m e t h o d s .
S o l u t i o n  e q u i l i b r i a  s t u d i e s  w e r e  c o n d u c te d  i n  w h ic h  s u p e r n a t a n t s  
f ro m  s o i l - w a t e r  s u s p e n s i o n s  w e re  c h a r a c t e r i z e d  w i t h  r e s p e c t  t o  pH an d  
t h e  s o l u t i o n  c o n c e n t r a t i o n s  o f  Ca, Mg, K, Na, S i ,  a n d  Al a f t e r  a p p r o x i ­
m a t e l y  o n e  y e a r  e q u i l i b r a t i o n  t im e .  T he  s o l u t i o n  e q u i l i b r i a  c o n c e n ­
t r a t i o n s  o f  Ca, Mg, K, a n d  Na i n d i c a t e d  a  r e l a t i o n s h i p  b e tw e e n  t h e s e  
c o n c e n t r a t i o n s  and t h e  q u a n t i t i e s  o f  e x c h a n g e a b l e  c a t i o n s  d e t e r m i n e d  
i n  t h e  n e u t r a l ,  N NH4 OAC l e a c h a t e .  F o r  e x a m p le ,  t h e  s o l u t i o n  c o n c e n ­
t r a t i o n s  w e r e  g e n e r a l l y  g r e a t e s t  i n  s o i l s  w i t h  p r e d o m i n a n t l y  m o n t m o r i l ­
l o n i t i c  c l a y  m i n e r a l s ,  i n t e r m e d i a t e  i n  s o i l s  h a v i n g  m ix e d  c l a y  m i n e r a l ­
o g y ,  an d  l e a s t  i n  s o i l s  i n  t h e  k a o l i n i t i c  c l a y  m i n e r a l  g r o u p .  The 
d i s t r i b u t i o n  an d  t r e n d s  w i t h i n  a  s o i l  w e r e  a l s o  s i m i l a r  i n  t h a t  s o l u t i o n  
e q u i l i b r i a  c o n c e n t r a t i o n s  o f  a  s p e c i f i c  i o n  w e re  g e n e r a l l y  g r e a t e s t  i n
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h o r i z o n s  h a v i n g  t h e  g r e a t e s t  p e r c e n t  s a t u r a t i o n  o f  t h e  e x c h a n g e  com plex  
w i t h  t h a t  i o n  a n d  c o n v e r s e l y  l e a s t  i n  h o r i z o n s  t h a t  w e re  t h e  l e a s t  
s a t u r a t e d .  The s i m p l e  c o r r e l a t i o n  c o e f f i c i e n t s  b e tw e e n  e x c h a n g e a b le  
c a t i o n s  an d  t h e  s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  Ca, Mg, K, an d  Na 
w e r e  s i g n i f i c a n t  a t  t h e  YL p r o b a b i l i t y  l e v e l .  T h e s e  r e s u l t s  i n d i c a t e  
t h a t  t h e  d i s t r i b u t i o n  o f  e x c h a n g e a b le  C a, Mg, K, a n d  Na on  t h e  s o i l  
e x c h a n g e  co m p le x  was a n  i m p o r t a n t  f a c t o r  d e t e r m i n i n g  t h e  s o l u t i o n  
c o n c e n t r a t i o n s  o f  t h e s e  i o n s .
The h o r i z o n s  h a v i n g  s o i l  p l ^  v a l u e s  l e s s  t h a n  8 . 0  t y p i c a l l y  h a d  
s o l u t i o n  e q u i l i b r i a  pH v a l u e s  t h a t  w e r e  g r e a t e r  t h a n  t h e  s o i l  pHw 
v a l u e s .  I n  s o i l  h o r i z o n s  h a v i n g  pHw v a l u e s  o f  8 . 0  o r  g r e a t e r ,  s o l u t i o n  
e q u i l i b r i a  pH v a l u e s  w e re  t y p i c a l l y  l e s s  t h a n  t h e  s o i l  pHw v a l u e s .  The 
pH v a l u e s  m e a s u r e d  i n  t h e  s o i l - w a t e r  s u s p e n s i o n s  w e r e  s i g n i f i c a n t l y  
c o r r e l a t e d  (1% p r o b a b i l i t y  l e v e l )  w i t h  t h e  s o i l  s u s p e n s i o n  pH v a l u e s .
The s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  Al w e re  n o t  s i g n i f i ­
c a n t l y  r e l a t e d  (5% p r o b a b i l i t y  l e v e l )  t o  a n y  o f  t h e  A l m e a s u r e m e n ts  
p e r f o r m e d  on t h e  s o i l s .  T h i s  l a c k  o f  c o r r e l a t i o n  i s  t h o u g h t  t o  b e  
l a r g e l y  a  r e s u l t  o f  t h e  p H -d e p e n d e n t  n a t u r e  o f  t h e  v a r i o u s  f o rm s  and  
q u a n t i t i e s  o f  A l i n  t h e  s o i l s  an d  i n  t h e  e q u i l i b r a t e d  s o l u t i o n .  I n  
m o s t  o f  t h e  s a m p le s  t h e  t e n d e n c y  o f  t h e  s o l u t i o n s  t o  a ssum e  a  pH n e a r  
n e u t r a l  r e s u l t s  i n  s m a l l e r  and  m o re  n e a r l y  u n i f o r m  q u a n t i t i e s  o f  Al 
i n  s o l u t i o n  t h a n  m ig h t  b e  e x p e c t e d  i f  t h e  s o l u t i o n s  m a i n t a i n e d  t h e  
i n i t i a l  s o i l  pH^. T h i s  i s  t r u e  f o r  s o i l s  h a v i n g  i n i t i a l  pHw v a l u e s  
b o t h  a b o v e  and  b e lo w  t h e  v a l u e  c o r r e s p o n d i n g  t o  t h e  minimum s o l u b i l i t y  
o f  Al ( a p p r o x i m a t e l y  6 . 7 ) .  The g r e a t e s t  q u a n t i t i e s  o f  Al w e re  m e a s u re d  
i n  s o i l s  h a v i n g  low i n i t i a l  pHw v a l u e s  and  o n l y  s m a l l  q u a n t i t i e s  o r
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no  m e a s u r a b l e  A l w as  p r e s e n t  i n  s o i l s  h a v i n g  h i g h  i n i t i a l  pHw v a l u e s .  
T o g e t h e r  t h e s e  c h a r a c t e r i s t i c s  c a n  r e s u l t  i n  w id e  v a r i a t i o n s  b e tw e e n  
s o l u t i o n  e q u i l i b r i a  c o n c e n t r a t i o n s  o f  A l  a n d  q u a n t i t i e s  o f  A l m e a s u r e d  
i n  s o i l s  h a v i n g  a  w id e  r a n g e  i n  pH v a l u e s .
T h e r e  was a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  s o i l  pH a n d  
s o l u t i o n  e q u i l i b r i a  pH an d  b e tw e e n  e x c h a n g e a b l e  a n d  s o l u t i o n  e q u i l i b r i a  
c o n c e n t r a t i o n s  o f  C a, Mg, K, a n d  H a. The q u a n t i t i e s  o f  A l m e a s u r e d  i n  
e q u i l i b r a t e d  s o i l - w a t e r  s u s p e n s i o n s  w e r e  n o t  s i g n i f i c a n t l y  r e l a t e d  t o  
q u a n t i t i e s  o f  A l o r  a c i d i t y  m e a s u r e d  i n  t h e  s o i l s .  A n a l y s e s  o f  t h e  
s o l u t i o n  e q u i l i b r i a  d a t a  i n d i c a t e d  t h a t  a f t e r  m ore  t h a n  a  y e a r  e q u i ­
l i b r a t i o n  t im e  ( 1 ) a l l  t h e  s o i l  h o r i z o n s  w e re  u n d e r s a t u r a t e d  w i t h  
r e s p e c t  t o  q u a r t z ,  ( 2 ) a l l  b u t  f o u r  h o r i z o n s  w e r e  s a t u r a t e d  w i t h  
r e s p e c t  t o  k a o l i n i t e ,  an d  ( 3 )  f o u r  o f  t h e  s o i l  h o r i z o n s  w e r e  s a t u r a t e d  
w i t h  r e s p e c t  t o  g i b b s i t e .
The r e s u l t s  o f  t h e  s t u d y  c a n  b e  g e n e r a l l y  s u m m a r iz e d  w i t h  r e g a r d s  
t o  c l a y  m i n e r a l  g r o u p s  i n  t h e  f o l l o w i n g  m a n n e r .
(1 )  The s o i l s  w i t h  p r e d o m i n a n t l y  m o n t m o r i l l o n i t i c  c l a y  m i n e r a l s  
h a d :
a .  t h e  g r e a t e s t  c l a y  c o n t e n t ,  pH, e x c h a n g e a b l e  b a s e  
c o n t e n t ,  CEC, a n d  b a s e  s a t u r a t i o n ;
b .  t h e  l o w e s t  a m o u n ts  o f  E x A l,  e x c h a n g e a b l e  a c i d i t y ,
i
E x t A l ,  a n d  e x t r a c t a b l e  a c i d i t y ,  a n d  t h e  l o w e s t  Al 
s a t u r a t i o n .
(2 )  T he  s o i l s  w i t h  a  m ix e d  c l a y  m i n e r a l o g y  h a d :
a .  a n  i n t e r m e d i a t e  c l a y  c o n t e n t ,  pH, e x c h a n g e a b l e  b a s e  
c o n t e n t ,  CEC, b a s e  s a t u r a t i o n ,  a n d  A l s a t u r a t i o n ;
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b .  t h e  m o s t  E xA l,  E x tA l  and  e x t r a c t a b l e  a c i d i t y .
(3 )  The s o i l s  w i t h  p r e d o m i n a n t l y  k a o l i n i t i c  c l a y  m i n e r a l s  h a d ;
a .  t h e  l o w e s t  c l a y  c o n t e n t ,  pH, e x c h a n g e a b le  b a s e  
c o n t e n t ,  CEC, an d  b a s e  s a t u r a t i o n ;
b .  t h e  g r e a t e s t  A l s a t u r a t i o n ;
c .  a n  i n t e r m e d i a t e  E xA l, E x t A l ,  and  e x t r a c t a b l e  a c i d i t y  
c o n t e n t .
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Table 16. Some physical and chemical properties of 20 soils in Louisiana.
Organic  Exchangeable____
Horizon Depth Sand Silt Clay pl^ pH^ P^Ca c3r^on Ca Mg K Na CEC
cm  %-----------------------  X meq/100 g-----
1 . A c a d ia  s i l t  lo am  -  p a s t u r e l a n d
Ap 0 - 1 0 1 9 .0 6 6 . 2 1 4 .8 6 . 0 6 . 0 5 .8 1 . 0 5 .9 1 .5 0 . 1 0 . 1 9 .5
A2 1 0 - 2 0 1 7 .6 6 4 .5 1 7 .9 6 .4 6 . 2 6 . 0 0 . 6 5 .0 1 .5 0 . 1 0 . 1 9 .5
B i t 20 -4 3 1 4 .2 5 8 .7 2 7 .1 5 . 4 4 . 9 4 . 8 0 . 6 5 . 2 2 .7 0 . 2 0 . 3 1 3 .9
B 21tg 4 3 -7 6 1 4 .0 4 6 .0 4 0 .0 5 .5 4 .9 4 . 9 0 . 5 1 . 8 5 .1 0 . 2 0 ,7 2 0 .5
B 22 tg 7 6 -1 1 2 1 2 . 6 4 8 .5 3 8 .9 5 .9 5 . 4 5 .4 0 . 2 2 .3 6 . 2 0 . 2 0 .7 1 9 .9
B 3tg 1 1 2 -152 1 2 . 2 4 2 .6 4 5 .3 6 . 0 5 .8 5 .9 0 . 1 2 . 2 6 . 0 0 . 2 0 . 8 2 0 .9
c i g 152-178 1 7 .3 3 9 .9 4 2 .8 6 .3 5 .8 6 . 2 0 . 0 2 . 8 7 . 6 0 .3 0 .9 2 2 .5
Al 0 -1 5 3 .0 3 4 .3
2 .
6 2 .7
A l l i g a t o r  c l a y  -  
4 . 7  4 . 9
w o o d lan d  
4 . 8  1 .3 3 .8 7 . 2 0 . 8 0 . 2 3 9 .8
B21g 1 5-33 1 .4 3 3 .3 6 5 .3 5 .2 4 . 8 4 . 9 0 .7 3 .8 7 .9 0 .5 0 .5 3 9 .4
B22g 33-51 2 . 2 3 6 .0 6 1 .8 5 .1 4 . 9 4 . 9 0 . 4 3 .6 7 .9 0 .5 0 .7 3 6 .1
B23g 5 1-7 6 3 .0 4 2 .5 5 4 .5 5 .4 5. 2 5 . 3 0 . 4 3 . 9 8 .9 0 .5 1 . 0 3 8 .5
B3g 76-107 0 . 4 3 2 .2 6 7 .4 6 . 1 5 .8 6 . 0 0 . 4 4 .3 1 0 . 2 0 . 6 1 .4 4 0 .5
eg 107-127 0 . 0 3 1 .8 6 8 . 2 6 . 8 6 . 6 6 . 8 0 . 4 5 .4 1 1 . 8 0 . 6 1 .4 4 2 .5
A l 0 - 8 3 5 .6 5 7 .8
3 .  B e a u r e g a r d  s i l t  loam  
6 . 6  5 . 4  5 .3
- p a s t u r e l a n d  
4 . 9  1 .8  2 .7 0 . 4 0 . 1 0 . 1 4 .3
A2 8 -1 8 3 7 .0 5 0 .1 1 2 .9 5 .0 4 . 9 4 . 2 0 . 4 0 .5 0 . 2 0 . 0 0 . 1 5 .3
B l 1 8 -3 1 3 0 .4 5 4 .0 1 5 .6 5 .0 4 . 8 4 . 1 0 . 2 0 . 4 0 . 3 0 . 0 0 . 1 7 .2
B 21t 3 1 -5 5 2 3 .3 5 8 .7 1 8 .0 5 . 2 4 . 7 4 . 2 0 . 2 0 . 4 0 .7 0 . 1 0 . 1 9 .5
B 22t 55 -69 2 4 .7 5 5 .2 2 0 . 1 5 . 1 4 .7 4 . 1 0 . 1 0 .3 0 .7 0 . 0 0 . 1 7 .5
B 23t 69-97 2 2 .7 5 6 .1 2 1 . 2 5 . 2 4 . 7 4 . 2 0 . 1 0 . 2 0 . 8 0 . 0 0 . 1 7 .1
B 24tg 9 7 -1 5 2 2 2 . 8 5 7 .0 2 0 . 2 5 . 3 4 . 6 4 . 2 0 . 1 0 . 4 1 . 0 0 . 0 0 .3 6 .4
Cl 152-165 2 2 . 1 5 5 .0 2 2 .9 5 .3 4 . 6 4 . 2 0 . 1 0 .7 1 .4 0 . 1 0 .5 6 .9




H o r iz o n  D epth  Sand S i l t  C la y  p i ^  pHj^ P ^ c a  c a r b o n  Ca Mg K Na CEC
cm ------------------%-----------------------------------------  % raeq / 1 0 0  g --
4 .  B o sw e l l  s i l t  loam  -  w o o d lan d
Al 0 -1 3 4 0 .0 5 1 .9 8 . 1 5 .2 5 .0 4 . 5 1 .5 1 .9 0 . 3 0 . 1 0 . 1 5 .8
A2 13-23 3 7 .2 5 1 .5 1 1 .3 5 .0 4 . 9 4 . 2 0 .5 0 . 4 0 . 2 0 . 1 0 . 2 4 . 6
B21t 23 -41 1 1 .9 4 8 .9 3 9 .2 4 . 9 4 . 3 4 . 1 0 . 4 1 .5 2 .7 0 .3 0 .3 2 5 .4
B22t 4 1 -5 8 9 .7 4 7 .5 4 2 .8 4 . 8 4 . 3 4 . 0 0 . 3 0 .5 2 .7 0 .3 0 .3 2 5 .6
B23t 58 -9 4 9 .5 5 2 .1 3 8 .4 4 . 7 4 . 3 4 . 0 0 . 2 0 . 1 2 . 6 0 .3 0 .3 2 4 .2
IIB 3 9 4 -152 1 3 .3 4 8 .9 3 7 .8
5 .
4 . 6  
Caddo s i l t
4 . 1  
loam  -
3 .8  0 . 1  
w o o d la n d
0 . 1 2 .7 0 . 3 0 .5 2 5 .0
Al 0 -1 5 2 2 . 6 6 2 .3 1 5 .1 4 . 9 4 . 9 4 . 1 0 . 8 0 . 4 0 . 2 0 . 1 0 . 2 6 . 0
A21g 15-41 2 1 .5 5 6 .6 2 1 .9 4 . 7 4 . 6 4 . 0 0 . 2 0 .3 0 . 2 0 . 1 0 . 2 6 .9
A22g 4 1 -7 6 1 2 . 8 7 3 .8 1 3 .4 4 .7 4 .7 4 . 0 0 . 2 0 . 2 0 . 2 0 . 0 0 .3 6 .5
B21tg 7 6 -152 1 7 .1 5 6 .6 2 6 .3 5 .1 4 . 5 4 . 1 0 . 1 0 .7 1 . 0 0 . 1 0 . 2 9 .3
B3g 152-178 1 7 .3 6 9 .9 1 2 .8  5 .3  4 . 6  
6 . C a lh o u n  s i l t  loam
4 . 4  0 . 1  
-  w o o d lan d
0 . 1 1 . 0 0 . 1 0 . 6 7 .6
Ap 0 -1 5 1 7 .8 7 2 .2 1 0 . 0 5 . 0 4 . 6 4 . 3 0 .5 0 . 2 1 . 6 0 . 1 0 . 6 9 .1
A2g 15-43 1 8 .2 6 9 .6 1 2 . 2 5 . 0 4 . 4 4 . 3 0 . 2 0 . 2 1 .3 0 . 1 0 . 8 9 .4
B 21tg 4 3 -6 1 1 6 .6 6 7 .9 1 5 .5 5 .1 4 .3 4 . 5 0 . 1 0 ,5 3 .7 0 . 2 1 . 0 1 7 .0
B 22tg 61 -8 1 1 3 .0 5 7 .0 3 0 .0 5 .3 4 . 4 4 . 6 0 . 1 5 .7 3 . 4 0 . 2 0 .7 1 6 .6
B3g 81-127 1 5 .0 5 7 .2 2 7 .8 5 .3 4 .5 4 . 9 0 . 1 6 . 2 4 . 2 0 . 2 0 .7 1 5 .8
Table 16. (Continued)
O rg a n ic  E x c h a n g e a b le
H o r i z o n  D epth  Sand S i l t  C lay  pHw pHj^ P ^ c a  c a rb o n  Ca Mg K Na CEC
cm  %---------------- 7o  meq / 1 0 0  g ---------------
7 .  Commerce s i l t  loam  -  c u l t i v a t e d
Apl 0 -1 5 2 6 .2 6 4 .1
Ap2 15-25 2 4 .5 6 3 .5
B2 25 -4 8 1 2 .4 5 5 .7
B3 4 8 -6 4 1 6 .5 5 8 .4
Cl 6 4 -8 1 2 2 .4 5 6 .7
Alb 81 -9 1 1 5 .9 5 8 .4
C2 91-112 2 4 .4 6 2 .2
C3 112-127 1 4 .6 7 0 .9
Apl 0 -1 5 3 .5 8 2 .8
Ap2 15-25 8 .7 7 5 .6
A2g 25-36 7 .9 7 5 .5
B 2 1 tg 36-76 2 . 6 6 1 .3
B 2 2 tg 7 6 -1 1 4 6 . 1 6 0 ,2
B 23 tg 114-132 7 . 4 5 9 .2
B31g 132-203 7 .0 5 9 .9
B32g 203-254 1 0 . 1 4 4 .1
Apl 0 -1 5 4 4 .8 4 2 .8
Ap2 15-23 4 4 .8 4 2 .9
B 21t 23 -3 8 2 7 .9 4 2 .4
B 22 t 38 -5 8 3 0 .7 4 2 .3
B 3t 58-76 4 4 .3 3 5 .0
Cl 7 6 -104 5 7 .6 2 8 .7
C2 104-135 3 6 .1 4 9 .2
9 .7 6 . 0 5 .9 5 . 8 0 . 8
1 2 . 0 6 . 4 6 . 1 6 . 1 0 .7
3 1 .9 6 . 8 6 .3 6 . 6 0 .4
2 5 .1 7 .3 6 .9 7 .1 0 .3
2 0 .9 7 .8 7 .4 7 .6 0 .3
2 5 .7 7 .8 7 .3 7 .7 0 .4
1 3 .4 8 . 0 7 .5 7 .8 0 .3
1 4 .5 8 . 1 7 .7 7 .9 0 .3
1. C row ley  s i l t loam -  c u l t i v a t e d
1 3 .7 5 .9 5 .7 5 .7 0 . 6
1 5 .7 7 .4 6 . 8 6 .9 0 .3
1 6 .6 7 .4 6 . 6 6 . 8 0 .3
3 6 .1 5 .7 4 . 8 5 .1 0 .9
3 3 .6 6 . 0 5 .3 5 .5 0 .4
3 3 .4 6 . 6 6 . 0 6 . 2 0 . 2
3 3 .1 6 .9 6 . 2 6 .5 0 . 2
4 5 .8 7 .1 6 . 2 6 .7 0 . 1
9 . Dundee loam  -  ic u l t i v a t e d
1 2 .4 5 .2 4 . 8 4 . 9 0 . 8
1 2 .3 5 .4 4 . 8 5 .0 0 . 6
2 9 .7 5 .1 4 . 4 4 .6 0 . 6
2 7 .0 5 .1 4 . 4 4 .6 0 .3
2 0 .7 5 .3 4 . 4 4 .7 0 . 2
1 3 .7 5 .5 4 .5 5 . 0 0 . 2
1 4 .7 5 .2 4 .5 4 . 8 0 . 2
8 . 6 3 .0 0 .7 0 . 2 14 .6
1 0 . 6 3 .7 0 .5 0 . 1 18 .5
1 1 .5 4 . 3 0 .3 0 .3 19 .5
9 .9 3 .4 0 .3 0 .3 15 .5
9 .6 3 .4 0 . 2 0 .5 14 .5
1 4 .9 5 .9 0 .4 0 . 2 2 4 .5
1 4 .9 5 .4 0 .5 0 . 2 2 2 .3
1 8 .2 5 .2 0 .5 0 . 2 2 1 . 8
3 .5 2 . 2 0 . 1 0 . 8 9 .3
3 .6 2 . 2 0 . 1 0 . 8 8 . 0
4 . 4 2 .4 0 . 1 0 .9 9 .2
8 . 0 5 . 0 0 . 2 1 . 1 2 1 .7
9 .3 5 . 3 0 . 2 0 .9 1 8 .5
1 0 .3 5 .6 0 . 2 0 .7 1 9 .1
1 1 .4 5 .7 0 . 2 0 .5 2 0 .7
1 6 .2 7 .9 0 .3 0 . 8 2 5 .8
4 .7 1 . 8 0 . 2 0 . 1 9 .4
8 . 8 3 .4 0 .3 0 .3 17 .3
9 .1 3 .7 0 .3 0 .3 2 0 . 0
8 .9 3 .5 0 .3 0 .4 1 9 .8
7 .9 3 .0 0 . 2 0 . 8 1 6 .4
7 .6 3 .3 0 . 2 0 . 8 1 6 .5
6 .9 2 .3 0 . 2 0 .5 1 4 .1
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Table 16 . (Continued)
O r g a n ic  E x c h a n g e a b le
H o r iz o n  D e p th  Sand S i l t  C la y  pHw pH^ P^Ca c a r ^ on Ca Mg K Na CEC
till /o -uieq/ g ----
10 . H e b e r t  s i l t loam - c u l t i v a t e d
Ap 0 -1 8 3 5 .2 5 4 .2 1 0 . 6 5 .1 4 .7 4 .7 0 .9 2 . 1 1 . 0 0 . 1 0 . 1 7 .4
A2 18-25 2 8 .2 5 5 .4 1 6 .4 5 . 0 4 . 4 4 . 4 0 . 2 1 . 6 1 . 1 0 . 1 0 . 1 1 0 .5
B & A 2 5-36 2 2 .3 5 4 .1 2 3 .6 5 . 2 4 . 3 4 . 4 0 . 2 1 .9 2 .3 0 . 2 0 .9 1 4 .3
B 21t 3 6 -6 1 2 7 .5 4 8 .3 2 4 .2 5 . 4 4 . 3 4 .5 0 . 1 2 .5 4 . 8 0 . 2 0 .7 1 7 .1
B 22t 6 1 -7 6 4 1 .6 3 5 .6 2 2 . 8 5 .5 4 . 5 4 . 8 0 . 1 2 . 4 3 .8 0 . 2 0 .9 1 3 .3
B23t 7 6 -9 4 4 7 .7 2 9 .9 2 2 .4 5 . 6 4 . 7 5 .1 0 . 1 4 . 0 5 .6 0 . 2 1 . 2 1 5 .2
B3 9 4 -127 2 7 .4 5 6 .2 1 6 .4 6 . 6 5 .6 6 . 1 0 . 1 3 .5 4 .2 O . l 0 .3 1 0 . 6
1 1 .  J e a n e r e t t e s i l t - p a s t u r e l a n d
Ap 0 -2 3 6 .4 8 4 .0 9 .6 6 .4 6 . 2 6 , 0 2 .9 8 .7 2 . 8 0 . 2 0 . 1 1 5 .7
B21t 2 3 -4 1 4 .6 7 1 .4 2 4 .0 7 .4 6 .9 7 .1 1 . 1 1 1 . 6 9 .2 0 .4 0 . 2 2 3 .1
B 22 t 4 1 -6 6 1 . 6 6 1 .2 3 7 .2 8 .3 7 .9 8 . 1 0 .5 1 2 .4 1 1 .3 0 .3 0 .4 2 6 .1
B 23t 6 6 -8 4 1 . 6 6 1 .1 3 7 .3 8 . 3 7 .9 8 . 1 0 . 2 8 . 2 1 1 . 6 0 . 2 0 .5 2 2 .9
B3t 8 4 -1 5 2 2 . 1 6 2 .2 3 5 .7 8 . 6 7 .8 8 .3 0 . 1 6 . 0 1 2 .4 0 . 2 1 .5 2 2 .4
12 . L o r in g  s i l t loam -  c u l t i v a t e d
A pl 0 -1 5 9 .9 7 8 .1 1 2 . 0 5 . 4 5 .0 5 . 0 0 . 8 2 . 5 0 .7 0 . 1 0 . 1 6 .5
Ap2 1 5 -2 0 8 . 2 7 7 .0 1 4 .8 5 .7 5 .2 5 . 2 0 .5 2 .7 0 .7 0 . 1 0 . 1 5 .6
A2 2 0 -2 8 8 . 4 7 0 .8 2 0 . 8 5 .8 5 .3 5 . 3 0 .3 3 .5 1 . 2 0 . 1 0 . 1 7 .2
B 2t 2 8 -5 6 8 . 4 6 2 .6 2 9 .0 5 .9 5 . 3 5 . 4 0 .3 5 . 4 2 .9 0 . 2 0 . 2 1 3 .7
Bxl 5 6 -9 7 8 . 2 6 4 .6 2 7 .2 5 .6 4 . 8 5 . 0 0 . 2 4 . 0 2 . 8 0 . 2 0 .3 1 1 .7
Bx2 9 7 -1 3 2 8 . 0 7 1 .0 2 1 . 0 5 . 8 5 .1 5 .2 0 . 1 3 .8 2 .3 0 . 2 0 .3 1 0 .3
13 . M o re la n d s i l t y c l a y  loam  - p a s t u r e l a n d
Ap 0 - 1 0 0 . 6 6 4 .5 3 4 .9 7 .6 7 .3 7 . 4 2 .4 2 1 .3 7 .0 0 . 8 0 . 2 3 5 .1
B21 1 0-38 0 .3 6 7 .9 3 1 .8 8 . 1 7 .8 7 .8 0 .7 1 9 .1 5 . 4 0 .4 0 . 2 2 3 .0
B22 3 8 -7 4 1 . 0 7 2 .8 2 7 .2 8 , 2 8 . 1 8 . 0 0 . 4 1 9 .0 4 .6 0 .3 0 .3 1 8 .5
B23 74-127 0 . 8 4 4 .0 5 5 .2 8 .3 8 . 1 8 . 1 0 .4 2 1 .5 1 1 .3 0 .4 1 . 2 2 7 .0
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Table 16. (Continued)
O r g a n ic  E x c h a n g e a b le
H o r i z o n  D epth  Sand S i l t  C lay  p l ^  pHj^ P^Ca c a r ^ on Ca Mg K Na CEC
cm  %-----------------------------------------  % ---------- m eq /100 g---
Ap 0 -1 8 1 . 2 8 3 .3
A2g & B tg 18-33 1 .5 7 0 .7
B tg  & A2g 3 3-74 1 . 1 7 2 .1
B 2 1 tg 74-109 0 . 8 5 3 .6
B 22 tg 109-152 1 . 0 6 1 .5
B 23 tg 152-208 2 . 0 7 6 .6
B31tgCa 208-274 8 . 0 5 3 .0
IIB 32C a 274-305 12 .9 3 7 .1
Al 0 -1 8 4 5 .1 4 5 .3
A2g 18-33 4 6 .7 4 6 .7
B & A 33-5 8 4 2 .7 5 0 .8
B 21 tg 5 8 -8 1 4 1 .9 4 7 .9
B 22tg 81-109 3 8 .4 5 0 .6
Apl 0 -1 8 3 .0 8 8 .5
B i t 18 -23 3 . 0 7 2 .8
B 21t 23-43 2 .9 7 4 .9
B 22t 43 -5 6 3 .1 8 0 .7
B 3 1 tx 56 -81 2 . 8 7 9 .0
B 32 tx 81-127 2 . 0 8 0 .5
14. Mowata s i l t  loam  -  c u l t i v a t e d
1 5 .5 6 . 1 5 .9 5 . 8 0 . 8
2 7 .8 5 .7 5 .4 5 . 3 0 .7
2 6 .8 5 .1 4 . 4 4 . 7 0 . 6
4 5 .6 5 .2 4 .5 4 . 9 0 .3
3 7 .5 5 .6 5 .1 5 .5 0 . 1
2 1 .4 7 . 0 6 .4 7 .0 0 . 0
3 9 .0 8 .3 7 .9 8 . 0 0 . 1
5 0 .0 8 . 3 7 .9 8 . 2 0 . 0
15 . M y a t t loam  - w ood land
9 .6 4 . 6 4 . 8 4 . 3 1 . 8
6 . 6 4 . 9 4 . 8 4 .5 0 .7
6 .5 5 .0 4 . 7 4 .5 0 .4
1 0 . 2 5 .1 4 .7 4 .5 0 .3
1 1 . 0 5 .0 4 .6 4 . 5 0 .4
16 . O l i v i e r s i l t  - c u l t i v a t e d
8 .5 6 .5 6 .3 6 .4 0 . 2
2 4 .2 5 .5 5 . 0 5 . 2 0 . 2
2 2 . 2 5 . 0 4 .7 4 .9 0 . 2
1 6 .2 5 . 3 4 .7 4 . 9 0 . 1
1 8 .2 5 .1 4 .7 4 .7 0 . 1
1 7 .5 5 .3 4 . 8 4 .8 0 . 1
6 .3 3 .6 0 . 1 0 .3 1 2 .3
6 . 8 4 .3 0 . 1 0 .4 15 .5
8 . 1 4 .2 0 . 2 0 .5 1 8 .5
1 3 .2 6 .3 0 .3 0 .4 2 4 .7
1 7 .0 7 .8 0 .3 0 .3 2 8 .2
1 7 .1 6 . 8 0 . 2 0 . 1 2 5 .3
2 3 .7 6 .3 0 . 2 0 . 1 2 2 .7
2 8 .5 7 .7 0 .3 0 . 2 2 8 .5
0 . 1 0 . 1 0 . 0 0 . 0 7 .6
0 . 0 0 . 0 0 . 0 0 . 0 4 . 8
0 . 1 0 . 1 0 . 0 0 . 0 4 .6
0 . 1 0 . 1 0 . 0 0 . 0 5 .6
0 . 1 0 . 2 0 . 0 0 . 1 6 .9
2 .4 1 .3 0 . 2 0 . 0 5 .0
3 .7 2 .4 0 . 2 0 .3 9 .9
2 . 8 3 .2 0 . 2 0 . 2 1 3 .0
2 . 2 3 .6 0 . 2 0 . 1 1 2 . 2
2 . 6 4 . 8 0 . 2 0 . 2 1 2 .4
2 . 8 4 .6 0 . 2 0 . 2 1 1 . 6
Table 16. (Continued)
O rg a n ic  E x c h a n g e a b le
H o r i z o n  D ep th  Sand S i l t  C la y  p l ^  p tt^  P^Ca c a r b o n  Ca Mg K Na CEC
cm ------------------%-----------------------------------------  % m eq/100  g — -----
1 7 .  R u s to n  f i n e  sa n d y  loam  -  w ood land
Al 0 -1 5 7 4 .9 1 9 .8 5 . 3 5 . 8 5 .6 5 . 2 0 .5 0 . 6 0 . 1 0 . 1 0 . 1 2 .7
A2 15-28 6 7 .0 2 3 .0 1 0 . 0 6 . 1 5 .6 5 . 4 0 . 1 0 .5 0 . 1 0 . 1 0 . 1 2 . 1
B & A 28-41 5 7 .0 2 4 .0 1 9 .0 5 .7 5 .3 5 .2 0 . 1 1 . 2 1 .3 0 . 1 0 . 0 3 .7
B 21 t 4 1 -6 4 4 9 .0 2 4 .0 2 7 .0 5 .5 5 . 0 4 . 8 0 . 1 2 .7 3 .9 0 . 2 0 . 1 9 .3
B 22t 6 4 -7 9 6 4 .0 1 0 . 0 1 7 .0 5 . 3 4 . 9 4 . 7 0 . 0 1 . 2 2 .4 0 . 1 0 . 1 6 .5
A '2 7 9 -9 1 7 3 .0 1 3 .0 1 4 .0 5 . 3 4 .9 4 . 8 0 . 0 1 . 2 2 .5 0 . 1 0 . 1 6 . 1
B '2 1 t 9 1 -114 7 2 .0 1 0 . 0 1 8 .0 5 . 6 4 .9 4 . 9 0 . 0 2 .3 2 . 4 0 . 2 0 . 1 1 0 .9
B '2 2 t 114-135 7 5 .0 8 . 0 1 7 .0 5 . 5 5 . 1 5 . 0 0 . 0 2 . 2 3 .1 0 . 2 0 . 1 9 .6
1 8 .  S e v e rn  s i l t  loam -  c u l t i v a t e d
Apl 0 - 1 0 1 4 .9 6 9 .4 1 5 .7 7 .9 7 . 7 7 .5 0 .5 6 . 8 2 .7 0 . 2 0 . 0 9 .1
Ap2 10-36 5 . 4 6 7 .8 2 6 .8 8 .4 8 . 0 7 .9 0 .3 1 5 .5 4 . 9 0 . 2 0 . 0 1 5 .1
Cl 36 -41 4 4 .1 5 0 .5 5 . 4 8 . 4 8 .3 8 . 0 0 . 1 7 . 4 1 . 6 0 . 1 0 . 0 5 . 4
C2 4 1 -5 8 1 1 . 8 7 4 .8 1 3 .4 8 .5 8 . 2 8 . 0 0 . 2 1 3 .7 3 .2 0 . 2 0 . 1 9 .7
C3 5 8 -7 1 4 0 .1 5 1 .9 8 . 0 8 . 6 8 .3 8 . 0 0 . 1 9 .1 1 .7 0 . 1 0 . 1 5 .5
C4 71-102 2 7 .3 5 9 .3 1 3 .4 8 .5 8 . 2 8 . 0 0 , 1 1 3 .0 3 .0 0 . 2 0 . 0 1 0 . 0
C5 102-124 5 2 .2 4 0 .5 7 .3 8 . 4 8 . 2 8 . 0 0 . 1 7 .0 1 . 8 0 . 1 0 .4 6 . 8
19 . S h a rk e y  c l a y  - c u l t i v a t e d
Ap 0 -1 3 0 . 0 2 2 . 8 7 7 .2 6 . 3 5 . 8 5 .9 1 .4 2 5 .0 9 .6 1 . 1 0 .3 4 2 .8
B21g 13-28 0 . 0 1 5 .8 8 4 .2 6 . 1 5 .6 5 . 9 0 .7 2 5 .0 1 0 . 0 0 .7 0 . 6 4 4 .3
B22g 28-43 0 . 0 1 3 .3 8 6 .7 6 . 2 5 .8 6 . 1 0 . 6 2 7 .8 1 1 .5 0 . 6 0 . 6 4 6 .6
B23g 4 3 -7 1 0 . 0 1 2 .5 8 7 .5 7 . 0 6 .3 6 . 8 0 . 6 2 9 .0 1 2 . 8 0 .7 0 , 6 4 7 .6
B24g 71-97 0 . 0 1 7 .4 8 2 .6 7 .6 7 .1 7 . 4 0 . 4 2 7 .6 1 2 .7 0 . 6 0 . 8 4 7 .9
B3g 97-112 2 .5 2 0 .4 7 7 .1 8 . 0 7 .5 7 .8 0 . 4 2 9 .9 1 3 .4 0 . 6 0 . 1 4 8 .3
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Table 16* (Continued)
H o r iz o n D ep th Sand S i l t C la y PHw P % PHCa
O r g a n ic
c a rb o n Ca
E x c h a n g e a b le  
Mg K Na CEC
cm 7/© " /fi
2 0 . S to u g h  f i n e  san d y  loam  -  w ood land
Al 0-15 5 3 .5 3 8 .3 8 . 2 4 . 8 5 .0 4 . 5 3 .5 0 . 1 0 . 1 0 . 0 0 . 2 1 2 . 8
B & A 15-23 5 4 .2 3 9 .7 6 . 1 5 . 1 4 . 9 4 .5 0 . 2 0 . 0 0 . 0 0 . 0 0 . 0 3 .3
B l 2 3 -38 5 4 .3 3 4 .8 1 0 .9 5 . 1 4 .8 4 . 4 0 . 1 0 . 0 0 . 1 0 . 0 0 . 0 3 .4
B21t 38 -51 5 1 .2 3 3 .8 1 5 .0 4 . 9 4 .8 4 . 4 0 . 1 0 . 0 0 . 1 0 . 0 0 . 0 4 . 2
B 22t 51 -7 1 5 4 .8 2 9 .1 1 6 .1 4 . 8 4 .8 4 . 4 0 . 1 0 . 0 0 . 1 0 . 0 0 . 1 5 .0
B 23t 7 1 -9 4 6 1 .2 2 8 .7 1 0 . 1 4 . 8 4 .8 4 . 5 0 . 0 0 . 0 0 . 1 0 . 0 0 .4 3 .9





Table 17. Exchangeable and extractable aluminum and acidity relation­
ships in 20 soils in Louisiana.
H o r i z o n D e p th
T e x t u r a l
c l a s s PH*
E x c h a n g e a b le  
a c i d i t y  Al
Al
S a t .
E x t r a c t a b l e  
Al a c i d i t y
cm — m eq / 1 0 0  g — % -----me q / 1 0 0  g ------
1 . A c a d ia  s i l t  loam -  p a s t u r e l a n d
Ap 0 - 1 0 s i l 6 . 0 0 . 1 0 . 0 0 0 .7 4 . 0
A2 1 0 - 2 0 s i l 6 . 4 0 . 0 0 . 0 0 0 . 8 3 .6
B i t 2 0 -4 3 s i c l 5 . 4 1 . 6 1 .4 14 3 . 4 6 . 8
B 2 1 tg 4 3 -7 6 s i c l 5 .5 1 .3 0 . 9 1 0 3 .1 6 .4
B 22 t 7 6 -1 1 2 s i c l 5 . 9 0 . 2 0 . 0 0 1 .4 4 . 0
B 3tg 1 1 2 -1 5 2 s i c 6 . 0 0 . 1 0 . 0 0 0 .9 2 . 8
C lg 1 5 2 -1 7 8 c 6 .3 0 . 1 0 . 0 0 0 .9 4 . 9
2 .  A l l i g a t o r  c l a y  -  'w oodland
Al 0 - 1 5 c 4 . 7 0 . 5 0 . 1 1 1 . 0 2 3 .7
B21g 1 5 -3 3 c 5 . 2 0 . 7 0 .4 3 1 .4 2 2 . 8
B22g 3 3 -5 1 c 5 . 1 0 . 4 0 . 2 2 1 . 2 2 1 . 8
B23g 5 1 -7 6 s i c 5 . 4 0 . 1 0 . 0 0 0 .9 2 0 . 0
B3g 7 6 -1 0 7 c 6 . 1 0 . 0 0 . 0 0 0 .7 1 8 .9
eg 1 0 7 -1 2 7 c 6 . 8 0 . 0 0 . 0 0 0 .7 1 7 .5
3 . B e a u r e g a r d  s i l t  lo am  - p a s t u r e l a n d
A l 0 - 8 s i l 5 . 4 0 . 1 0 . 0 0 ----- 1 9 .1
A2 8 -1 8 s i l 5 . 0 2 . 1 1 .7 59 3 .1 1 6 .2
B1 1 8 -3 1 s i l 5 . 0 3 .7 3 .4 76 4 . 4 1 7 .8
B 21 t 3 1 -5 5 s i l 5 . 2 4 . 5 3 .5 52 4 . 9 1 9 .3
B 22 t 5 5 -6 9 s i l 5 . 1 4 . 3 3 .8 70 4 . 1 1 7 .6
B 23 t 6 9 -9 7 s i l 5 . 2 4 . 4 3 .8 69 3 . 9 6 . 0
B 2 4 tg 9 7 -1 5 2 s i l 5 . 3 4 . 0 3 . 4 60 3 .3 6 . 0
Cl 1 5 2 -1 6 5 s i l 5 . 3 3 .6 2 . 8 4 4 2 . 1 5 .8
C2g 1 6 5-229 c l 4 . 9 2 . 6 2 ,5 2 0 1 . 8 5 .6
4 .  B o s w e l l . s i l t loam  •- w o o d la n d
Al 0 -1 3 s i l 5 . 2 0 . 4 0 . 1 4 1 .5 6 .4
A2 1 3 -2 3 s i l 5 . 0 1 .7 1 .5 63 2 . 1 4 . 4
B 21 t 2 3 -4 1 s i c l 4 . 9 1 4 .8 1 4 .0 71 1 2 .7 2 2 . 6
B 22t 4 1 - 5 8 s i c 4 . 8 1 6 .7 1 5 .7 77 1 4 .1 2 3 .0
B 23 t 5 8 -9 4 s i c l 4 . 7 1 5 .8 1 5 .6 82 1 4 .0 2 2 . 0
I IB 3 9 4 -1 5 2 s i c l 4 . 6 1 6 .6 1 5 .6 77 1 3 .6 2 1 . 6
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Table 17. (Continued)
T e x t u r a l  E x c h a n g e a b le  Al E x t r a c t a b l e
H o r i z o n  D e p th _______ c l a s s  pH^ a c i d i t y  Al S a t .  Al a c i d i t y
cm — meq / 1 0 0  g — % -------me q / 1 0 0
5 Caddo s i l t loam  - w o o d la n d
Al 0 -1 5 s i l 4 . 9 1 .9 1 .4 50 2 . 8 6 . 8
A21g 1 5 -4 1 s i l 4 . 7 4 . 5 3 . 9 74 3 .7 6 . 8
A22g 4 1 - 7 6 s i l 4 . 7 4 . 0 3 . 4 71 3 .3 5 . 8
B21g 7 6 -1 5 2 s i l 5 . 1 5 . 3 4 . 5 62 4 . 7 9 .6
B3g 1 5 2 -1 7 8 s i l 5 . 3 2 . 3 1 .9 46 1 .9 4 . 8
6 . C a lh o u n  s i l t loam  -’ w o o d la n d
Ap 0 -1 5 s i l 5 . 0 2 . 6 2 . 1 41 2 . 2 7 .6
A2g 1 5 -4 3 s i l 5 . 0 3 .0 2 . 7 50 2 . 1 7 .2
B 2 1 tg 4 3 -6 1 s i l 5 . 1 4 . 3 3 . 9 40 1 . 1 9 .6
B22 t g 6 1 -8 1 s i c l 5 . 3 3 . 8 3 . 4 25 2 . 4 7 .2
B3g 8 1 -1 2 7 s i c l 5 . 3 1 .4 1 . 0 8 2 . 8 5 . 0
7 . Commerce s i l t loam  - c u l t i v a t e d
Apl 0 - 1 5 s i l 6 . 0 0 . 0 0 . 0 0 0 . 4 3 .2
Ap2 15-25 s i l 6 . 4 0 . 0 0 . 0 0 0 .5 3 .2
B2 2 5 - 4 8 s i c l 6 . 8 0 . 0 0 . 0 0 0 . 6 2 . 8
B3 4 8 - 6 4 s i l 7 . 3 0 . 0 0 . 0 0 0 .5 1 .4
C l 6 4 - 8 1 s i l 7 . 8 0 . 0 0 . 0 0 0 .5 1 . 6
A lb 8 1 -9 1 s i l 7 . 8 0 . 0 0 . 0 0 0 . 6 2 . 8
C2 9 1 -1 1 2 s i l 8 . 0 0 . 1 0 . 0 0 0 . 6 2 . 0
C3 1 1 2 -1 2 7 s i l 8 . 1 0 . 1 0 . 0 0 0 .5 1 . 8
8 . C ro w ley  s i l t loam  - c u l t i v a t e d
Apl 0 - 1 5 s i l 5 . 9 0 . 1 0 . 0 0 0 . 5 4 . 6
Ap2 15-2 5 s i l 7 . 4 0 . 0 0 . 0 0 0 . 8 2 . 6
A2g 2 5 -3 6 s i l 7 . 4 0 .3 0 . 0 0 1 . 1 2 . 4
B 21 tg 3 6 -7 6 s i c l 5 . 7 1 . 6 1 .3 8 3 .1 8 . 2
B 22tg 7 6 -1 1 4 s i c l 6 . 0 0 . 4 0 . 3 2 1 . 2 4 . 4
B 2 3 tg 1 1 4 -1 3 2 s i c l 6 . 6 0 . 1 0 . 0 0 0 . 8 2 .4
B31g 1 3 2 -2 0 3 s i c l 6 . 9 0 . 1 0 . 0 0 0 . 6 2 .4
B32g 2 0 3 -2 5 4 s i c 7 . 1 0 . 2 0 . 0 0 0 . 5 2 . 4
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Table 17. (Continued)
T e x t u r a l  E x c h a n g e a b le  A l E x t r a c t a b l e
H o r i z o n  D e p th  c l a s s  pHw a c i d i t y  AT S a t .  A l a c i d i t y
cm —m e q /100 g — %  m eq /1 0 0  g —
9 . D undee lo a m  -  c u 11 i v a t e d
A p l 0 - 1 5 1 5 . 2 0 .7 0 . 5 7 0 . 5 5 . 2
Ap2 1 5 -2 3 1 5 . 4 0 .7 0 . 6 4 1 . 6 6 . 8
B 2 1 t 2 3 -3 8 c l 5 . 1 2 .9 2 . 4 15 2 . 6 9 .6
B 2 2 t 3 8 -5 8 c l 5 . 1 3 .1 2 . 4 15 2 . 4 9 .0
B 3 t 5 8 -7 6 1 5 . 3 2 . 0 1 . 6 1 2 1 . 8 7 . 4
C l 7 6 -1 0 4 1 5 . 5 1 . 2 0 . 8 6 1 . 4 7 .2
C2 1 0 4 -1 3 5 1 5 . 2 1 . 2 0 .7 6 1 .4 8 . 2
1 0 , H e b e r t s i l t loam  - c u l t i v a t e d
Ap 0 - 1 8 s i l 5 . 1 0 . 8 0 . 7 17 0 . 8 3 . 2
A2 1 8 -2 5 s i l 5 . 0 3 . 8 3 . 6 54 2 . 9 7 . 0
B & A 2 5 -3 6 s i l 5 . 2 6 , 0 5 . 7 50 1 . 2 7 .6
B 2 1 t 3 6 -6 1 1 5 . 4 5 .7 5 . 7 41 0 . 7 9 .4
B 2 2 t 6 1 -7 6 1 5 . 5 2 .3 1 . 8 19 3 . 1 1 0 .4
B 2 3 t 7 6 -9 4 1 5 . 6 0 . 8 0 . 6 5 0 . 9 9 . 8
B3 9 4 -1 2 7 s i l 6 . 6 0 . 1 0 . 0 0 0 . 5 1 . 6
1 1 . J e a n e r e t t e  s i l t  -  p a s t u r e l a n d
Ap 0 - 2 3 s i 6 . 4 0 . 2 0 . 0 0 0 . 5 7 .6
B 2 1 t 2 3 -4 1 s i l 7 . 4 0 . 1 0 . 0 0 1 . 3 3 . 8
B 2 2 t 4 1 - 6 6 s i c l 8 . 3 0 . 1 0 . 0 0 1 .9 5 . 4
B 2 3 t 6 6 - 8 4 s i c l 8 . 3 0 . 0 0 . 0 0 1 . 8 3 .4
B 3 t 8 4 -1 5 2 s i c l 8 . 6 0 . 0 0 . 0 0 1 . 3 3 . 4
1 2 . L o r in g s i l t loam  - c u l t i v a t e d
A p l 0 -1 5 s i l 5 . 4 0 . 2 0 . 0 0 0 . 9 4 . 4
Ap2 1 5 -2 0 s i l 5 . 7 0 . 2 0 . 0 0 0 . 7 2 . 8
A2 2 0 - 2 8 s i l 5 . 8 0 . 1 0 . 0 0 0 . 8 2 , 4
B 2 t 2 8 -5 6 s i c l 5 . 9 0 . 2 0 . 1 1 1 . 9 5 ,6
B x l 5 6 -9 7 s i l 5 . 6 0 .9 0 . 7 9 2 . 0 6 . 6
Bx2 9 7 -1 3 2 s i l 5 . 8 0 . 3 0 . 1 1 1 . 4 4 . 8
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Table 17. (Continued)
T e x t u r a l  E x c h a n g e a b le  A l E x t r a c t a b l e
H o r iz o n  D epth  c l a s s  pHw a c i d i t y  A l  S a t ,  Al a c i d i t y
cm — meq / 1 0 0  g — %  m eq / 1 0 0  g----
13. M o re la n d  s i l t y  c l a y  loam  -  p a s t u r e l a n d
Ap 0 - 1 0 s i c l 7 .6 0 . 1 0 . 0 0 0 .4 3 .6
B21 10-38 s i c l 8 . 1 0 . 2 0 . 0 0 0 . 6 - 1 . 0
B22 38-74 s i c l 8 . 2 0 . 1 0 . 0 0 0 .7 - 0 . 2
B23 74-127 s i c 8 .3 0 . 1 0 . 0 0 1 . 0 - 0 . 2
14 . Mowata s i l t lo am  - c u l t i v a t e d
Ap 0 -1 8 s i l 6 . 1 0 . 1 0 . 0 0 0 .3 3 .6
A2g & B tg 18-33 s i c l 5 .7 0 . 1 0 . 0 0 0 . 8 5 . 2
Btg & A2g 33-74 s i l 5 .1 2 . 0 1 .3 9 1 . 8 8 . 6
B 21tg 74-109 s i c 5 .2 0 .9 0 . 4 2 0 .7 6 .4
B 22tg 109-152 s i c l 5 . 6 0 . 2 0 . 0 0 0 .4 4 . 2
B 23tg 152-208 s i l 7 . 0 0 . 0 0 . 0 0 0 .5 1 . 6
B31tgCa 208 -274 s i c l 8 .3 0 . 1 0 . 0 0 0 .7 0 , 6
IIB32Ca 274-305 c 8 .3 0 . 1 0 . 0 0 0 . 6 0 . 2
1 5 .  M y a tt  lo am  -  woodland
Al 0 -18 1 4 . 6 3 .1 2 .5 76 4 .3 1 0 . 0
A2g 18-33 1 4 . 9 2 . 6 2 . 2 82 3 .4 6 . 6
B 6c A 33-58 s i l 5 . 0 3 . 1 2 .7 82 3 .7 5 . 2
B 21tg 58-81 1 5 .1 3 .4 3 . 0 83 3 .2 6 . 8
B 22tg 81-109 s i l 5 . 0 4 .5 3 .9 80 4 .1 8 . 0
1 6 .  O l i v i e r  s i l t  -  c u l t i v a t e d
Apl 0 -18 s i 6 . 5 0 . 1 0 . 0 0 0 . 6 1 . 8
B i t 18-23 s i l 5 .5 0 .7 0 . 4 6 2 . 1 5 .2
B21t 23-43 s i l 5 . 0 3 .2 2 . 6 27 3 .7 8 . 6
B22t 43-56 s i l 5 . 3 2 .3 1 . 8 2 1 2 .5 6 . 8
B 3 1 tx 56-81 s i l 5 .1 1 . 6 1 . 2 13 1 . 8 6 .4
B 32tx 81-127 s i l 5 .3 0 .9 0 . 6 7 1 . 2 5 . 8
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Table 17. (Continued)
T e x t u r a l  E x c h a n g e a b le  Al E x t r a c t a b l e
H o r i z o n  D epth  c l a s s  p l ^  a c i d i t y  A l  S a t .  Al a c i d i t y
cm -m eq / 1 0 0  g — 7o ------ meq / 1 0 0
1 7 . R u s to n f i n e  s a n d y  loam -  w o o d lan d
A l 0 -1 5 f s l 5 .8 0 . 1 0 . 0 0 1 . 0 1 . 0
A2 15 -28 f s l 6 . 1 0 . 1 0 . 0 0 0 .7 ----
B & A 28 -4 1 f s l 5 . 7 0 .3 0 . 1 3 0 .9 1 . 0
B 2 1 t 4 1 -6 4 s c i 5 .5 0 .9 0 .7 9 2 .4 3 .6
B 2 2 t 6 4 -7 9 f s l 5 . 3 1 .3 1 . 0 2 0 2 . 0 3 .2
A '2 7 9 -9 1 f s l 5 .3 0 .9 0 . 6 13 1 .5 3 .2
B '2 1 t 9 1 -1 1 4 f s l 5 .6 1 . 0 0 . 6 1 0 1 . 8 3 .8
B* 2 2 t 1 1 4 -135 f s l 5 .5 0 . 6 0 . 2 3 1 .4 2 . 8
18 S e v e rn  s i l t  loam  -  c u l t i v a t e d
A p l 0 - 1 0 s i l 7 . 9 0 . 1 0 . 0 0 0 .4 0 . 0
Ap2 10-36 s i l 8 . 4 0 . 1 0 . 0 0 0 .9 - 0 . 8
C l 36 -4 1 s i l 8 . 4 0 . 0 0 . 0 0 0 .5 - 1 . 0
C2 4 1 -5 8 s i l 8 .5 0 . 0 0 . 0 0 0 .7 . - 1 . 4
C3 58 -7 1 s i l 8 . 6 0 . 1 0 . 0 0 0 .5 - 1 . 4
C4 7 1 -1 0 2 s i l 8 .5 0 . 0 0 . 0 0 0 . 6 - 0 . 6
C5 1 0 2 -1 2 4 v f s l 8 . 4 0 . 0 0 . 0 0 0 .4 - 0 . 8
1 9 .  S h a rk e y  c l a y -  c u l t i v a t e d
Ap 0 -1 3 c 6 . 3 0 . 0 0 . 0 0 0 . 6 9 .8
B21g 13-2 8 c 6 . 1 0 . 0 0 . 0 0 0 . 8 9 .6
B22g 2 8 -4 3 c 6 . 2 0 , 0 0 . 0 0 0 . 8 8 . 8
B23g 4 3 -7 1 c 7 .0 0 . 1 0 . 0 0 0 . 8 6 . 4
B24g 71-9 7 c 7 .6 0 . 0 0 . 0 0 0 . 8 4 . 6
B3g 9 7 -1 1 2 c 8 . 0 0 . 0 0 . 0 0 1 . 0 3 .4
2 0 . S to u g h  f i n e  s a n d y  loam -  w o o d lan d
A l 0 -1 5 f s l 4 . 8 2 .9 2 . 4 73 1 7 .1 1 7 .8
B & A 15-23 f s l 5 . 1 1 . 8 1 .4 73 2 .4 3 .2
B l 2 3 -3 8 f s l 5 . 1 2 . 1 1 .7 77 2 . 0 2 . 8
B 2 1 t 3 8 -5 1 1 4 . 9 2 . 5 1 . 8 67 2 .5 3 .8
B 2 2 t 5 1 -7 1 f s l 4 . 8 2 .9 2 . 1 67 2 .9 4 . 6
B 2 3 t 7 1 -9 4 f s l 4 . 8 2 . 4 1 . 6 54 2 . 2 3 .2




T a b l e  1 8 .  pH a n d  c a t i o n  c o n c e n t r a t i o n s  i n  e q u i l i b r a t e d  s o i l - w a t e r  
s u s p e n s i o n s  o f  20 s o i l s  i n  L o u i s i a n a .
3 +  'J | +
H o r i z o n  D e p th  pH A l S i  K Ca Mg Na
- 5
cm --------------------------------( 1 0  )--M----------------------------------
1 .  A c a d ia  s i l t  loam  -  p a s t u r e l a n d
Ap 0 - 1 0 7 .3 0 .9 4 . 2 3 .3 7 .5 8 . 3 7 . 4
A2 1 0 - 2 0 7 .2 0 . 4 3 . 5 0 .7 7 .8 1 0 .7 1 2 . 6
B i t 2 0 -4 3 , 7 . 2 0 . 4 1 . 0 0 . 1 4 . 9 5 . 5 3 .5
B 2 1 tg 4 3 - 7 6 7 .1 0 .5 1 .3 0 . 1 3 . 5 4 . 7 2 . 8
B 2 2 tg 7 6 -1 1 2 7 . 5 0 .5 1 .5 0 . 2 3 . 4 4 . 5 1 .5
B 3 tg 1 1 2 -1 5 2 7 . 4 0 . 8 1 . 8 0 . 2 0 . 5 0 . 9 3 .7
c i g 1 5 2 -1 7 8 7 .3 0 . 6 3 .7 1 . 2 0 . 8 2 . 5 6 . 1
2 .  A l l i g a t o r c l a y  - w o o d la n d
Al 0 - 1 5 6 .7 0 . 9 7 .5 1 .3 4 6 .9 3 7 .7 1 7 .8
B21g 1 5 -3 3 6 . 9 1 . 1 4 . 3 0 . 1 3 1 .9 2 6 .9 2 6 .3
B22g 3 3 -5 1 6 . 8 1 . 0 4 . 5 0 . 1 3 2 .6 3 0 .0 3 8 .0
B23g 5 1 -7 6 6 . 9 1 . 0 5 . 1 0 . 0 5 2 . 0 5 1 .7 6 6 . 1
B3g 7 6 -1 0 7 7 . 4 1 . 6 6 .7 0 .3 3 8 .8 3 9 .0 8 5 .2
Cg 1 0 7 -1 2 7 7 .0 0 . 6 6 . 8 0 .3 4 5 . 9 6 0 .0 9 6 .5
3 .  B e a u r e g a r d s i l t loam  - p a s t u r e l a n d
Al 0 - 8 6 . 4 0 . 4 4 . 0 5 . 4 4 . 8 3 .5 6 .7
A2 8 - 1 8 5 . 8 0 . 4 1 . 3 3 . 3 0 . 5 0 . 7 7 .9
B1 1 8 -3 1 5 . 8 0 .9 0 . 8 1 . 0 1 . 0 1 . 4 6 . 6
B 2 1 t 3 1 -5 5 5 .9 0 .9 0 .7 0 .3 0 . 2 0 .7 2 . 8
B 2 2 t 5 5 - 6 9 6 . 0 0 .7 0 . 7 0 . 3 0 . 0 0 . 3 2 .3
B 2 3 t 6 9 - 9 7 5 . 0 0 .7 1 .5 0 . 5 1 . 0 5 . 9 3 .9
B 2 4 tg 9 7 -1 5 2 5 . 1 0 .7 3 . 0 0 .3 1 . 1 5 . 0 1 1 . 1
4, B o s w e l l s i l t loam  - w o o d la n d
Al 0 -1 3 6 , 3 1 .7 1 . 8 2 . 6 3 .8 4 . 6 1 . 0
A2 1 3 -2 3 6 . 6 2 . 8 1 . 8 4 . 9 0 .9 3 . 3 0 . 8
B 2 1 t 2 3 -4 1 5 .6 1 .3 3 .2 0 .5 0 . 8 3 . 8 6 .7
B 2 2 t 4 1 - 5 8 5 . 4 0 .9 4 . 0 0 .3 0 . 1 2 . 1 1 0 . 8
B 2 3 t 5 8 - 9 4 6 . 0 0 .9 3 . 0 1 . 8 0 . 0 0 . 3 9 .7
I I B 3 9 4 -1 5 2 6 . 8 0 .9 5 . 7 3 .6 0 . 0 0 . 6 1 4 .9
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Table 18. (Continued)
H o r iz o n D ep th pH 3+A l
4 +  4' 
S i  Kt C a ^ ++Me Na+
_____ _r i n ~ 5 \ Vf_ _ _ _ _cm ----------(,1 U ) ju~-----
5 Caddo s i l t loam  - w o o d la n d
Al 0 -1 5 5 .7 1 . 1 3 .8 1 .3 0 . 3 1 . 1 2 . 0
A21g 15-41 5 . 7 0 . 9 2 . 8 0 . 8 0 .3 0 . 5 3 . 8
A22g 4 1 -7 6 5 .7 3 . 0 3 .3 0 . 8 0 . 0 0 .4 3 .5
B2 1 g 7 6 -1 5 2 5 .3 2 . 9 4 . 0 1 . 8 0 .5 1 .5 1 0 .9
B3g 1 5 2 -1 7 8 6 . 1 2 .5 4 .5 3 .9 0 . 1 0 .4 3 3 .0
6 . C a lh o u n  s i l t loam  -■ w o o d la n d
Ap 0 -1 5 6 .4 1 .3 4 . 7 1 . 8 2 . 3 4 . 8 3 . 3
A2g 1 5 -4 3 6 . 4 2 .3 7 . 2 0 . 8 1 . 0 2 .3 1 3 .9
B 2 1 tg 4 3 -6 1 5 .9 0 . 8 9 .3 0 .5 0 . 0 0 . 2 2 2 .4
B 2 2 tg 6 1 -8 1 6 . 2 1 .7 9 .2 2 . 1 0 . 0 0 .3 2 9 . 4
B3g 8 1 -1 2 7 6 .3 1 . 6 7 .8 3 .9 0 . 1 0 . 0 5 0 .2
7 . Commerce s i l t loam  - c u l t i v a t e d
Apl 0 -1 5 7 .1 1 .5 1 0 . 2 8 . 2 5 7 .6 5 2 .5 1 2 . 8
Ap2 15-25 7 . 0 1 . 0 1 0 .5 9 . 2 5 6 .0 5 0 .0 1 0 . 0
B2 2 5 -4 8 7 .4 0 .7 4 . 0 3 .3 9 .6 1 0 . 8 1 1 .5
B3 4 8 -6 4 7 .6 1 . 0 5 . 0 2 .3 1 3 .3 1 4 .4 1 7 .0
Cl 6 4 -8 1 8 . 0 0 .7 4 . 0 0 . 8 5 4 .0 3 5 .0 2 7 .6
Alb 8 1 -9 1 7 .7 0 . 9 4 . 0 1 . 0 6 4 .3 6 4 .6 2 9 .1
C2 9 1 -1 1 2 7 .8 0 .7 3 .7 0 . 8 7 3 .6 6 7 .1 2 8 .0
C3 1 1 2 -1 2 7 8 . 1 0 .7 4 . 0 1 .3 7 4 .1 5 8 .8 2 4 .4
8 . C row ley s i l t loam  - c u l t i v a t e d
Apl 0 -1 5 8 . 2 0 . 6 5 . 2 2 . 0 5 .5 5 .6 6 . 3
Ap2 15-25 8 .3 0 . 6 2 .3 0 . 1 5 .9 1 .3 1 .7
A2g 2 5 -3 6 7 .8 0 . 5 1 .3 0 . 2 2 .5 4 . 7 1 .4
B 2 1 tg 36 -76 7 .4 0 . 6 1 . 2 0 . 1 1 . 6 2 .5 1 2 .4
B 2 2 tg 7 6 -1 1 4 7 .3 1 .4 2 .7 0 .9 0 . 0 0 . 4 8 . 0
B 2 3 tg 1 1 4 -1 3 2 7 .2 1 . 6 2 . 8 1 . 2 0 . 0 0 .9 8 .3
B31g 1 3 2 -2 0 3 7 .6 2 . 2 3 .5 5 . 5 0 . 0 2 . 1 6 . 7
B32g 2 0 3 -2 5 4 7 .5 1 .7 5 . 2 7 .9 0 . 0 2 . 8 8 . 3
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Table 18. (Continued)
H o r iz o n  D ep th  gH_______ Al^~*~ S i ^ ~  K+ _______ Ca** Na+
c m   ( 1 0 - 5 )  M --------------------------------------------------------
9 .  Dundee loam  -  c u l t i v a t e d
Apl 0 -1 5 7 . 3 1 . 0 5 . 0 2 . 3 1 6 .7 2 0 . 4 1 0 . 6
Ap2 15-2 3 7 . 2 0 . 9 5 .5 1 .3 9 .2 1 4 .6 15 .5
B21t 2 3 -3 8 7 . 0 1 .4 4 . 7 3 . 9 4 .6 4 . 7 2 2 . 0
B 22t 3 8 -5 8 7 .1 1 .5 5 .3 0 . 3 3 .5 5 . 2 3 0 .7
B3t 58 -7 6 7 .2 1 . 1 6 .7 0 . 3 2 . 8 4 . 3 4 3 .9
Cl 7 6 -1 0 4 6 . 7 1 . 1 8 . 0 0 . 3 0 . 0 0 . 0 3 2 ,8
C2 104-135 6 . 3 1 .4 8 . 0 6 . 4 0 . 0 0 . 6 3 3 .3
1 0 . H e b e r t s i l t loam  - c u l t i v a t e d
Ap 0 -1 8 7 . 0 1 . 0 7 . 2 0 . 5 1 2 . 6 1 3 .4 6 . 1
A2 1 8-25 5 . 4 1 .3 7 . 0 1 . 0 0 . 2 0 . 5 1 3 .0
B & A 2 5 -3 6 5 . 3 1 .3 7 .5 0 . 3 0 .7 2 . 6 2 7 .4
B 21 t 3 6 -6 1 6 . 0 1 .3 7 .2 2 . 6 0 . 0 0 . 2 2 4 .8
B 22 t 6 1 -7 6 5 . 9 1 .9 7 .8 8 . 1 0 . 0 0 . 8 6 0 .9
B 23 t 7 6 -9 4 7 . 0 1 . 0 5 . 2 0 . 3 2 .5 2 1 .7 1 4 7 .8
B3 94-127 7 .5 0 .9 5 .2 1 2 . 0 0 . 0 2 . 0 5 3 .0
1 1 . J e a n e r e t t e s i l t  -  p a s t u r e l a n d
Ap 0 -2 3 7 . 1 1 .5 1 0 . 8 5 . 1 7 .3 2 0 . 4 7 .8
B 21t 23 -4 1 7 .1 1 . 0 3 .0 1 1 . 0 1 9 .5 2 7 .7 2 0 . 2
B 2 2 t 4 1 -6 6 7 . 8 0 . 8 1 . 2 1 8 .7 7 5 .8 9 2 .5 5 0 .9
B 23 t 6 6 -8 4 7 . 8 0 . 6 1 . 2 0 . 5 3 9 .4 2 6 .5 1 2 4 .4
B3t 8 4 -1 5 2 8 . 1 0 .9 1 .5 0 . 1 2 8 .0 2 3 .8 2 08 .7
1 2 . L o r in R s i l t loam  - c u l t i v a t e d
Apl 0 -1 5 6 .9 1 . 0 4 .7 5 . 2 4 6 .4 2 1 .7 4 .5
Ap2 15 -2 0 7 .0 0 . 8 3 .2 3 . 0 5 2 .6 2 2 .5 5 .8
A2 20 -2 8 6 .7 0 . 8 5 .8 0 . 4 2 . 1 2 . 2 5 .7
B 2t 28 -5 6 6 .5 1 . 0 2 .7 1 . 8 2 . 2 2 . 8 1 7 .2
Bxl 56 -9 7 6 .5 1 . 2 4 . 8 2 . 1 0 . 0 0 . 8 16 .3
Bx2 9 7 -1 3 2 6 . 3 1 . 1 5 . 0 2 . 6 0 . 6 1 . 2 2 9 .1
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Table 18. (Continued)
H o r iz o n  D epth  pH ' S i4*  K+  Ca~H ~ Me* *  Na*
cm -------------------------------( 1 0 **^) M---------------------------------
13 . M o re la n d  s i l t y  c l a y  loam -  p a s t u r e l a n d
Ap 0 - 1 0 7 .0 1 . 0 6 .3 1 5 .4 1 3 1 .3 1 6 2 .5 3 .5
B21 10-38 7 .7 1 . 1 4 .8 2 . 3 116 .5 6 2 .5 5 .2
B22 3 8 -7 4 7 .9 1 . 0 4 .0 0 . 8 1 4 3 .8 7 5 .4 6 .3
B23 74-127 7 .4 1 . 0 4 .5 0 .5 1 3 4 .8 1 3 3 .3 2 8 .7
14 Mowata s i l t  loam  - c u l t i v a t e d
Ap 0 -1 8 8 . 2 0 . 6 8 . 0 3 .8 6 .9 2 .5 8 . 0
A2g & B tg 18-33 8 . 1 0 . 8 5 .3 1 .9 7 .3 2 . 1 7 . 4
B tg  & A2g 33-7 4 7 .7 1 .3 11 .7 2 .7 0 . 0 0 . 8 7 .6
B21tg 74 -109 8 . 1 0 .9 1 1 . 2 2 .3 4 .1 1 .9 1 1 . 1
B 22tg 1 0 9 -1 5 2 7 .3 1 .9 7 .7 4 . 4 0 . 0 2 . 1 7 . 0
B23tg 152 -208 7 .7 0 . 8 5 .2 1 . 6 2 . 6 4 .7 2 . 4
B31tgCa 2 0 8 -2 7 4 8 . 2 0 . 8 3 .7 2 . 4 4 .1 1 .9 3 . 0
15. M y a t t  loam - w ood land
Al 0 -1 8 6 . 0 5 . 4 8 . 0 1 .3 0 . 2 0 .3 1 .9
A2g 18-3 3 6 . 1 3 . 5 4 .3 0 . 0 0 . 2 1 . 0 2 . 2
B & A 33 -5 8 4 . 8 3 . 1 4 .3 0 .5 0 . 4 2 . 0 3 .9
B21tg 5 8 -8 1 5 .3 1 .5 5 .7 0 . 1 0 . 0 0 . 1 4 . 6
B 22tg 81 -109 5 . 8 2 . 6 6 .3 1 .5 0 . 0 0 . 0 4 . 2
16 .  O l i v i e r  s i l t -  c u l t i v a t e d
Apl 0 -1 8 7 .0 0 . 9 4 .8 1 0 . 6 6 0 .5 5 0 .0 2 . 6
B i t 18-23 6 .3 0 . 9 2 . 8 0 .3 1 0 .5 1 5 .7 4 . 6
B21t 23 -43 5 .4 0 . 8 4 .2 0 .3 6 . 0 1 3 .8 8 . 4
B22t 4 3 -5 6 5 .7 0 . 9 5 .2 1 . 0 1 .5 4 .7 1 3 .0
B 31tx 5 6 -8 1 6 . 0 1 . 0 6 .7 2 . 6 0 . 1 1 .3 1 5 .0
B 32tx 81-127 6 . 4 1 .3 6 .7 3 .6 0 . 0 1 .5 1 4 .3
17 . R u s to n  f i n e  sa n d y  loam  -  w ood land
Al 0 -1 5 6 . 1 1 . 0 4 .5 3 .6 8 . 4 5 .1 1 . 6
A2 15-2 8 5 .6 1 . 1 2 . 8 5 .1 8 .5 4 .6 1 . 1
B & A 28 -4 1 6 . 0 1 . 0 3 .5 4 . 1 6 . 0 5 . 0 1 .9
B21t 4 1 -6 4 6 . 2 1 . 0 1 . 8 2 .3 1 . 6 2 . 2 4 . 9
B22t 64 -7 9 6 . 2 1 . 0 1 .7 2 . 1 0 .9 1 .4 4 . 7
A '2 79 -9 1 6 . 2 0 .9 1 .7 2 . 1 0 . 6 0 .7 3 .5
B '2 1 t 9 1 -1 1 4 6 .4 0 .9 1 .3 2 . 1 0 .7 1 .3 5 . 4
B '2 2 t 114-135 6 .7 0 .9 1 .3 1 . 8 0 .4 0 . 8 5 .6
165
Table 18. (Continued)
H o r iz o n D ep th pH A l3* S i 4 + K+ Ca**
+4-
Mg Na+
era ___ / i n - 5 \ \f— — _ — ------ (,iu ) rl" -  -   -
18 . S e v e r n s i l t lo am  -  c u l t i v a t e d
A pl 0 - 1 0 7 .9 0 .7 2 .5 8 . 0 6 0 .3 6 5 .0 4 . 1
Ap2 10-36 8 . 1 0 .7 2 .3 2 .3 8 5 .1 6 7 .5 6 . 0
C l 3 6 -4 1 8 . 2 0 . 6 2 . 2 3 .3 7 1 .4 4 5 . 8 4 . 3
C2 4 1 -5 8 8 . 1 0 . 6 2 . 2 2 . 3 9 4 .3 6 2 .5 4 . 3
C3 5 8 -7 1 8 . 0 0 .7 2 . 3 3 .9 4 5 .0 3 0 .2 5 .1
C4 7 1 -1 0 2 8 . 1 0 . 6 2 .7 0 . 5 5 9 .8 3 6 .5 5 . 3
C5 1 0 2 -1 2 4 8 . 1 0 .9 3 . 0 5 . 4 3 8 .6 2 3 .3 7 . 2
1 9 .  S h a r k e y  c l a y  -  c u l t i v a t e d
Ap 0 - 1 3 7 . 0 5 . 1 6 . 8 1 8 .7 1 1 2 . 6 1 0 0 . 8 1 8 .3
B21g 13-2 8 7 .1 4 . 4 6 . 5 2 . 6 7 0 .6 1 4 1 .7 2 1 .7
B22g 2 8 -4 3 7 .1 1 .3 8 .5 0 . 3 1 7 .9 6 . 8 4 0 . 0
B23g 4 3 -7 1 7 . 2 1 . 1 5 .7 0 . 2 7 .0 1 7 .5 5 3 .0
B24g 7 1 -9 7 7 . 1 4 . 0 9 .7 0 . 3 1 2 2 . 0 9 6 .7 1 1 3 .9
B3g 9 7 -1 1 2 7 . 3 4 . 4 1 1 .7 0 . 1 1 6 4 .5 1 2 4 .2 1 4 8 .7
2 0 . S to u g h  f i n e  s a n d y  loam -  w o o d la n d
Al 0 - 1 5 5 . 2 2 .5 3 .2 1 . 3 2 .3 3 . 0 7 .5
B & A 1 5 -2 3 5 . 3 1 . 2 1 .7 0 . 6 0 .3 1 .3 2 .7
B1 2 3 -3 8 4 . 9 2 .9 2 .3 0 . 3 0 . 2 3 .3 3 . 0
B 21t 3 8 -5 1 5 . 1 1 .5 3 . 0 1 .3 0 . 1 2 . 7 3 .9
B 22t 5 1 -7 1 5 . 2 0 .9 3 . 0 1 .3 0 . 1 2 . 2 5 . 0
B 23 t 7 1 -9 4 5 . 1 0 .7 2 .7 1 . 1 0 . 2 2 .3 8 . 1
B3 9 4 -1 2 7 5 .9 0 . 6 2 .3 0 . 6 0 . 0 0 .3 7 .1
APPENDIX 4
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Table 19. Soil test data of 20 soils in 'Louisiana.
O rg a n ic  _____________ E x t r a c t a b l e
H o r i z o n D epth pHw m a t t e r Ca Mg K Na P
era % ppm
1 . A c a d ia s i l t lo am  -  p a s t u r e l a n d
Ap 0 - 1 0 6 . 3 1 .4 4 . 5 1 .3 0 . 1 0 . 3 1 1
A2 1 0 - 2 0 6 . 4 0 .9 4 . 1 1 . 6 0 . 1 0 . 3 5
B i t 20-43 5 . 5 0 . 8 4 . 4 3 .1 0 . 2 0 . 6 3
B2 1 t g 43 -76 5 . 7 0 .7 6 . 5 4 .7 0 .3 0 . 9 7
B 2 2 tg 76-112 6 . 1 0 .4 8 . 2 6 . 0 0 . 2 0 . 9 5
B 3 tg 112-152 6 . 5 0 . 2 9 .6 7 .1 0 . 2 0 . 9 5
c i g 152 -178 6 . 8 0 . 1 1 0 .7 9 .1 0 . 3 0 . 8 5
2 .  A l l i g a t o r  c l a y  -  w oodland
Al 0 -15 5 . 6 1 . 2 1 5 .0 9 .1 0 . 5 0 . 4 27
B21g 15-33 5 . 7 0 .9 1 5 .0 1 0 . 0 0 . 5 0 . 6 27
B22g 33-51 5 . 8 0 .5 1 5 .6 1 0 .4 0 . 4 0 . 8 37
B23g 51-76 6 . 0 0 . 6 1 7 .1 1 2 . 0 0 . 4 1 . 0 55
B3g 76-107 6 . 3 0 . 6 1 7 .9 1 3 .7 0 .5 1 .4 41
eg 107-127 6 . 8 0 . 6 1 7 .9 14 .5 0 .5 1 .5 23
3 . B e a u r e g a r d  s i l t lo am  - p a s t u r e l a n d
Al 0 - 8 5 . 6 1 . 8 2 . 0 0 .5 0 . 1 0 . 3 1 2
A2. 8 -18 5 . 3 0 . 6 0 . 6 0 .3 0 . 1 0 . 3 8
B1 18-31 5 . 1 0 .3 0 . 5 0 .4 0 . 1 0 . 3 8
B 2 1 t 31-55 5 . 1 0 .4 0 . 5 0 . 6 0 . 1 0 . 3 7
B 2 2 t 55 -69 5 . 2 0 . 2 0 . 5 0 .7 0 . 1 0 . 3 7
B 2 3 t 69-97 5 . 3 0 . 1 0 . 5 0 .9 0 . 1 0 . 3 8
B 2 4 tg 97-152 5 . 4 0 . 2 0 . 6 1 . 1 0 . 1 0 . 4 4
Cl 152-165 5 . 7 0 . 2 0 . 9 1 . 6 0 . 1 0 . 5 3
C2g 165-229 5 . 6 0 . 1 3 .1 4 .9 0 . 1 0 . 9 3
4 .  B o s w e l l  s i l t lo a m  - w ood land
Al 0 -1 3 5 . 5 2 . 2 1 . 6 0 .4 0 . 1 0 . 3 7
A2 13-23 5 . 1 0 .7 0 . 5 0 .3 0 . 1 0 . 3 4
B 2 1 t 23-41 4 . 9 0 .5 1 .3 3 .3 0 . 2 0 . 4 3
B 2 2 t 4 1 -5 8 5 . 0 0 .4 0 .5 3 .0 0 . 2 0 . 4 3
B 2 3 t 58 -94 5 . 1 0 .3 0 . 2 3 .0 0 . 2 0 . 5 3
I IB 3 94-152 5 . 1 0 . 2 0 . 1 3 .1 0 . 2 0 . 6 3
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Table 19. (Continued).
O rg a n ic  _____________ E x t r a c t a b l e
H o r i z o n Depth pH™ m a t t e r Ca Mg K Na P
cm % ppm
5 .  Caddo s i l t loam - w ood land
Al 0-15 5 .2 0 . 2 0 .5 0 . 2 0 . 1 0 .3 4
A21g 15-41 4 .9 0 .3 0 .5 0 .3 0 . 1 0 .3 3
A22g 41-76 4 . 8 0 .3 0 .3 0 .3 0 . 1 0 .3 3
B21g 76-152 5 .1 0 . 2 0 . 8 1 . 0 0 . 1 0 .5 3
B3g 152-178 5 . 6 0 . 1 1 .4 1 . 6 0 . 1 0 .5 3
6 . C a lh o u n  s i l t ; loam •• w oodland
Ap 0-15 5 . 1 0 .7 1 .3 1 . 2 0 . 1 0 .3 4
A2g 15-43 5 .3 0 .3 1 . 8 1 .3 0 . 1 0 .4 3
B 2 1 tg 43-61 5 . 4 0 . 2 4 .4 3 .8 0 . 1 0 .7 3
B 2 2 tg 61-81 5 .6 0 . 2 5 .3 4 .4 0 . 1 0 .9 3
B3g 81-127 5 .8 0 . 2 5 .9 4 .5 0 . 1 1 . 1 5
7 Commerce s i l t loam  - c u l t i v a t e d
Apl 0 -15 6 . 1 1 . 2 7 .2 3 .3 0 . 4 0 .3 1 1 0
Ap2 15-25 6 .5 1 . 1 8 .9 4 . 0 0 . 4 0 .3 105
B2 25-48 6 . 8 0 . 6 9 .5 4 . 3 0 . 2 0 .3 96
B3 4 8 -6 4 7 .1 0 .5 8 .4 3 .7 0 . 2 0 .3 105
Cl 64-81 7 .6 0 .4 7 .7 3 .4 0 . 2 0 .4 119
Alb 81-91 7 .9 0 . 6 11 .7 6 .3 0 . 3 0 .5 115
C2 91-112 8 . 1 0 . 6 1 1 .5 5 .4 0 . 3 0 .5 1 2 1
C3 112-127 8 . 1 0 .5 1 4 .4 5 .7 0 . 3 0 .5 96
8 . C row ley s i l t loam - c u l t i v a t e d
Apl 0 -15 6 . 0 0 .9 3 .6 2 . 6 0 . 1 0 .7 1 1
Ap2 15-25 7 .3 0 .5 3 .5 2 .5 0 . 1 0 .9 5
A2g 25-36 7 .3 0 .5 3 .8 2 . 6 0 . 1 1 . 0 3
B 2 1 tg 36-76 5 . 8 0 . 8 6 .7 4 .9 0 . 3 1 .7 3
B 2 2 tg 76-114 6 . 2 0 .4 7 .5 4 .9 0 . 2 1 .3 3
B 2 3 tg 114-132 6 . 6 0 . 2 8 .3 5 .3 0 . 2 1 .3 5
B31g 132-203 7 .0 0 . 2 9 .3 5 .7 0 . 2 1 . 2 3
B32g 203-254 7 .1 0 . 2 1 1 .4 8 . 0 0 . 3 1 .3 5
169
Table 19. (Continued)
O r g a n ic  _____________ E x t r a c t a b l e ______________
H o r i z o n  D e p th  pH„ m a t t e r  Ca Mg K Na P
cm 7* ppc
9 .  Dundee lo am  -  c u l t i v a t e d
Apl 0 - 1 5 5 . 5 0 .7 5 . 2 2 . 6 0 . 2 0 . 3 16
Ap2 1 5 -2 3 5 .3 0 .5 6 . 6 3 .3 0 . 2 0 . 4 1 1
B21t 2 3 -3 8 5 . 3 0 .5 7 . 8 4 . 0 0 . 2 0 . 5 23
B22t 3 8 -5 8 5 .3 0 .4 7 . 2 3 . 6 0 . 2 0 . 6 46
B3t 5 8 -7 6 5 . 4 0 .5 6 . 0 3 .0 0 . 2 0 . 8 62
Cl 7 6 - 1 0 4 5 .5 0 . 3 6 . 4 3 .1 0 . 2 0 . 9 69
C2 1 0 4 -1 3 5 5 . 4 0 .3 5 .8 2 . 6 0 . 1 0 . 9 82
10, H e b e r t  a i l t  lo a m  - c u l t i v a t e d
Ap 0 - 1 8 5 . 4 0 .7 2 .3 1 . 1 0 . 1 0 . 3 9
A2 1 8 -2 5 5 . 2 0 .3 1 .7 1 . 1 0 . 1 0 . 4 30
B & A 2 5 -3 6 5 . 4 0 .3 1 . 8 2 .7 0 . 2 0 .7 32
B21t 3 6 -6 1 5 .7 0 . 2 2 .5 4 . 5 0 . 2 1 . 0 32
B 22t 6 1 -7 6 5 . 8 0 . 2 2 . 4 3 .9 0 . 2 1 . 0 23
B23t 7 6 -9 4 5 . 8 0 . 2 4 . 0 6 . 8 0 . 2 1 .5 14
B3 9 4 -1 2 7 6 . 7 0 . 2 3 . 4 4 .5 0 . 1 1 . 2 27
11 . J e a n e r e t t e s i l t  -  p a s t u r e l a n d
Ap 0 - 2 3 6 . 4 2 ,7 6 . 8 3 .5 0 . 2 0 . 4 2 1
B21t 2 3 -4 1 7 . 0 1 . 1 9 .5 1 0 .5 0 . 6 0 . 5 23
B22t 4 1 - 6 6 8 . 2 0 .5 1 0 .9 1 3 .5 0 . 4 0 . 8 3
B 23t 6 6 -8 4 8 . 5 0 .3 7 . 2 1 5 .1 0 . 2 1 . 2 5
B3t 8 4 - 1 5 2 8 . 5 0 . 2 6 . 0 1 5 .9 0 . 2 2 . 0 7
12. L o r i n g s i l t lo a m  - c u l t i v a t e d
Apl 0 - 1 5 5 .7 1 . 1 2 .3 0 . 6 0 . 1 0 . 3 16
Ap2 1 5 -2 0 5 . 9 0 . 6 2 . 5 0 .7 0 . 1 0 , 3 18
A2 2 0 -2 8 6 . 1 0 . 4 3 . 0 1 . 2 0 . 1 0 . 3 2 1
B2t 2 8 -5 6 6 . 1 0 . 4 5 . 0 3 .1 0 . 2 0 . 5 18
Bxl 5 6 -9 7 5 .9 0 . 2 3 . 6 2 .7 0 . 2 0 . 6 2 1
Bx2 9 7 - 1 3 2 6 . 0 0 . 2 3 .5 2 . 6 0 . 2 0 . 6 27
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Table 19. (Continued)
O rg a n ic  _____________ E x t r a c t a b l e _______________
H o r iz o n  Depth pHw m a t t e r  Ca_______Mg________ K_______ Na_______ P__
cm 7o ------------------me-r,/1 0 0  g --------------  ppm
13. M o re la n d  s i l t y  c l a y  loam  -  p a s t u r e l a n d
Ap 0 - 1 0 7 .1 1 .9 1 4 .9 7 .3 1 . 0 0 .3 78
B2 1 10-38 7 .8 0 .9 1 7 .5 5 .4 0 . 5 0 .3 117
B2 2 38 -7 4 8 . 1 0 .3 1 9 .4 5 .2 0 .3 0 .3 2 1
B23 74-127 8 . 4 0 . 6 2 0 . 2 1 5 .5 0 . 6 0 .7 18
14 Mowata a i l t  loam  - c u l t i v a t e d
Ap 0-18 6 . 6 1 . 0 5 . 4 3 .4 0 . 2 0 .7 14
A2g & Btg 18-33 5 . 8 0 . 8 6 . 2 4 .1 0 . 2 0 . 9 14
B tg  & A2g 3 3 -7 4 5 . 2 0 . 8 6 .5 3 .9 0 . 2 0 .9 9
B 21tg 74-109 5 .2 0 . 4 9 . 9 6 .4 0 . 3 0 . 8 7
B 22tg 109-152 6 . 0 0 , 2 1 2 . 6 9 .3 0 . 3 0 . 8 16
B 23tg 152-208 6 .9 0 . 1 1 2 .3 6 .9 0 .3 0 .5 60
B31tgCa 208-274 8 . 2 0 . 1 1 9 .7 6 . 8 0 . 2 0 . 4 14
IIB 32Ca 274-305 8 . 2 0 . 2 2 2 .3 8 .7 0 . 4 0 .5 5
15. M y a tt loam  -  w ood land
Al 0-18 4 . 6 2 .4 0 . 4 0 . 1 0 . 1 0 .3 5
A2g 18-33 4 . 7 1 . 1 0 . 3 0 . 1 0 . 1 0 .3 7
B & A 33-58 4 . 6 0 .5 0 .5 0 . 1 0 . 1 0 .3 5
B 21tg 58 -8 1 4 . 8 0 .5 0 . 5 0 . 1 0 . 1 0 .3 1 1
B 22tg 81 -109 5 .0 0 . 5 0 . 5 0 .3 0 . 1 0 . 3 5
1 6 . O l i v i e r a i l t  -  c u l t i v a t e d
Apl 0 -1 8 6 . 1 0 .5 2 . 1 1 .3 0 . 2 0 .3 37
B i t 18-23 5 .5 0 . 2 3 .1 2 .9 0 . 2 0 .3 5
B21t 23-43 5 .1 0 . 3 2 .5 3 .3 0 . 2 0 .3 5
B22t 4 3 -5 6 5 . 2 0 . 2 2 . 0 3 .7 0 . 2 0 . 4 7
B 31tx 56-81 5 . 4 0 . 2 2 .5 4 .5 0 . 2 0 . 5 9






























O r g a n ic  ______________E x t r a c t a b l e
D ep th  pH^, m a t t e r  Ca Mg K Na
cm %    m eq /100  g
17. R u s to n  f i n e  sa n d y  lo am  -  w o o d la n d
0 - 1 5 5 .8 0 . 8 0 . 8 0 . 2 0 . 1 0 . 2
1 5 -2 8 5 .9 0 . 2 0 . 6 0 . 2 0 . 1 0 . 2
2 8 -4 1 5 .8 0 . 2 1 .5 0 . 8 0 . 2 0 . 2
4 1 - 6 4 5 .5 0 . 2 2 .5 2 . 1 0 .3 0 .3
6 4 -7 9 5 .3 0 . 2 1 . 2 1 .3 0 . 2 0 .3
7 9 -9 1 5 .5 0 . 2 1 . 2 1 .3 0 . 2 0 .3
9 1 -1 1 4 5 .5 0 . 1 2 . 1 2 .7 0 .3 0 .3
1 1 4 -1 3 5 5 . 6 0 . 2 2 . 2 3 . 2 0 .3 0 .3
18. S e v e r n  s i l t  lo am  - c u l t i v a t e d
0 - 1 0 7 . 3 0 .7 4 . 9 2 .7 0 . 3 0 .3
1 0 -3 6 8 . 0 0 .7 1 5 .2 4 . 8 0 .3 0 .3
3 6 -4 1 8 . 0 0 . 2 8 . 9 1 .9 0 . 1 0 . 2
4 1 - 5 8 8 . 2 0 . 4 1 5 .3 3 .5 0 . 2 0 .3
5 8 -7 1 8 . 3 0 . 2 1 2 .7 2 .4 0 . 1 0 .3
7 1 -1 0 2 8 . 2 0 . 2 1 4 .8 3 .7 0 . 2 0 . 3
1 0 2 -1 2 4 8 . 1 0 . 2 7 . 5 2 .4 0 . 2 0 .3
19 . S h a r k e y  c l a y  -  c u l t i v a t e d
0 - 1 3 6 . 2 1 . 6 1 8 .1 1 1 .5 1 . 1 0 . 4
1 3 -2 8 6 . 2 1 . 0 1 7 .4 1 1 .3 0 .7 0 .5
2 8 -4 3 6 .3 0 . 8 1 9 .7 1 4 .3 0 .5 0 . 8
4 3 - 7 1 6 .7 0 .9 2 6 .7 2 0 . 6 0 . 6 1 . 2
7 1 -9 7 7 . 4 0 .7 2 5 .3 1 7 .1 0 . 5 1 .5
9 7 -1 1 2 7 .7 0 .5 2 5 .9 2 1 . 1 0 . 5 1 . 8
2 0 . S to u g h  f i n e s a n d y  lo am  -  w o o d la n d
0 - 1 5 4 . 9 4 . 6 0 .5 0 . 1 0 . 1 0 .3
1 5 -2 3 4 .7 0 . 3 0 . 5 0 . 1 0 . 1 0 . 2
2 3 -3 8 4 .7 0 . 4 0 .5 0 . 1 0 . 1 0 . 2
3 8 -5 1 4 .7 0 . 1 0 .5 0 . 1 0 . 1 0 . 2
5 1 -7 1 4 . 6 0 . 1 0 .5 0 . 1 0 . 1 0 .3
7 1 - 9 4 4 .7 0 . 1 0 . 5 0 . 1 0 . 1 0 .3




T a b le  20 . S im p le  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  b e tw e e n  
m en ts  i n  20 s o i l s  i n  L o u i s i a n a  g ro u p e d  a c c o r d i n g  
ogy-
v a r i o u s  m e a s u r e -  
t o  c l a y  m i n e r a l -
C la y  
m i n e r a l  g ro u p PHw P % PHCa C la yc o n t e n t
O r g a n ic
c a rb o n
A l l  s o i l s
E x c h a n g e a b le  Al - 0 .4 4 * * - 0 .4 6 * * - 0 .4 9 * * n s n s
E x c h a n g e a b le  a c i d i t y - 0 .4 7 * * - 0 .4 8 * * - 0 .5 3 * * n s n s
Al s a t u r a t i o n - 0 ,6 0 * * - 0 .5 5 * * - 0 . 6 6 ** - 0 .3 0 * * n s
E x t r a c t a b l e  Al - 0 .4 3 * * - 0 .4 0 * * - 0 .4 6 * * n s n s
N o n e x c h a n g e a b le  Al ns n s n s n s 0 .5 0 * *
BaCl2 -TEA a c i d i t y - 0 .3 2 * * - 0 .3 8 * * - 0 .3 3 * * n s n s
NH4 OAC a c i d i t y - 0 .5 4 * * - 0 .5 2 * * - 0 .4 9 * * 0 .4 2 * * n s
BaCl2 -TEA CEC 0 . 2 1 * ns 0 .8 3 * * 0 .6 0 * * n s
NH4 OAC CEC 0 .2 9 * * 0 .2 5 * * 0 .3 6 * * 0 .9 2 * * n s
M o n t m o r i l l o n i t i c
E x c h a n g e a b le  Al - 0 .5 3 * * - 0 .6 2 * * - 0 .5 9 * * n s n s
E x c h a n g e a b le  a c i d i t y - 0 .5 7 * * - 0 . 6 6 ** - 0 .6 3 * * n s n s
Al s a t u r a t i o n - 0 .5 5 * * - 0 .6 3 * * - 0 .6 1 * * n s n s
E x t r a c t a b l e  Al - 0 . 3 2 * - 0 .4 0 * * - 0 .3 9 * * n s n s
N o n e x c h a n g e a b le  Al ns n s n s n s n s
B aC ^-T E A  a c i d i t y - 0 .5 6 * * - 0 .4 9 * * - 0 .5 0 * * 0 .4 8 * * n s
NH^OAc a c i d i t y - 0 .5 2 * * - 0 .4 4 * * - 0 .4 6 * * 0 .4 8 * * n s
B aC l2 “ TEA CEC n s n s n s 0 .8 7 * * n s
NH4 OAC CEC n s n s n s 0 .9 3 * * n s
Mixed
E x c h a n g e a b le  Al - 0 .4 9 * - 0 .4 7 * * - 0 .5 3 * 0 .5 2 * * n s
E x c h a n g e a b le  a c i d i t y - 0 .5 0 * * - 0 .4 9 * * - 0 .5 4 * * 0 .5 2 * * n s
Al s a t u r a t i o n - 0 .6 3 * * '0 . 6 1 * * - 0 . 6 8 ** 0 .3 2 * n s
E x t r a c t a b l e  Al - 0 .4 6 * * - 0 .4 3 * * - 0 .4 9 * * 0 .5 5 * * n s
N o n e x c h a n g e a b le  Al n s n s n s n s n s
BaCl2 -TEA a c i d i t y - 0 .3 2 * - 0 ,4 5 * * - 0 .3 9 * n s ns
NH4 OAC a c i d i t y - 0 .7 9 * * - 0 .7 8 * * - 0 .8 1 * * 0 .3 9 * n s
BaClo-TEA CEC ns n s n s 0 .8 7 * * n s
NH.OAc CEC 4
ns n s n s 0 . 8 8 ** ns
K a o l i n i t i c
E x c h a n g e a b le  Al - 0 .6 0 * * - 0 .7 8 * * - 0 .8 3 * * n s ns
E x c h a n g e a b le  a c i d i t y - 0 .6 2 * * - 0 .7 9 * * - 0 .8 4 * * n s ns
Al s a t u r a t i o n - 0 .7 8 * * - 0 .6 1 * * - 0 .7 6 * * n s n s
E x t r a c t a b l e  Al - 0 .4 1 * ns ns n s 0 .8 5 * *
N o n e x c h a n g e a b le  Al n s ns n s n s 0 .8 9 * *
BaCl2 -TEA a c i d i t y n s ns - 0 .4 4 * * n s 0 .5 0 * *
NH4 OAC a c i d i t y - 0 .5 4 * * - 0 .4 9 * * - 0 .5 9 * * n s 0 .4 7 * *
BaCl2 -TEA CEC n s ns ns n s 0 .4 0 *
NH4 OAC CEC n s ns ns 0 .5 6 * * ns
n s  -  D e n o te s  n o t  s i g n i f i c a n t  
* D e n o te s  s i g n i f i c a n c e  a t  t h e  5% l e v e l  
* * D e n o te s  s i g n i f i c a n c e  a t  t h e  1% l e v e l
o f  p r o b a b i l i t y ,  
o f  p r o b a b i l i t y .
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